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Baileyville Wind Farm

* Large footprint, small power output
* Wind- Green but high cost power alternative
« Highly Visible

* Small contribution to county property taxes
* Impact on local property values

* No air emissions but may pose other
environmental health & safety challenges

* Wind generation environmental/economic
benefits
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Baileyville Wind Farm

. Large footprint, small prower output

— Project covers approximately 5000 acres—125 acres/turbine

— Rule of thumb had been 40 acres/turbine to avoid wind turbulence
interference. AWEA believes 75 acres/turbine required for larger new
turbine designs. Would take more than 18 Mendota Hills projects
(covering 73 sq-mi) to produce same energy as smallest Illinois coal-fired
powerplant in 2005 (Meredosia).

~ Projected 210,000 MWh (30%); far greater than reported 2004
performance from Mendota Hills (17.7%CF)

* Wind- Green but high cost power alternative

— High capital cost ($90 million), low capacity utilization (30%
projected), little capacity credit (<=20%)

— DOE/NREL studies show Ogle County has relatively poor wind
resources

— Heavily dependent upon large ratepayer & taxpayer subsidies to
compete against conventional electrical power sources
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US Wind Resources-

The higher the wind class, the lower the projected production cost
DOE’s NEMS Model considers Class 4 or higher winds needed .

UNITED STATES ANNUAL AVERAGE WIND POWER

&4 Energy Ventures Analysis Inc Source: Wind Energy Atlas of the United States (NREL)



llinois - Wind Resource Map

DOE Illinois Wind Map Best Areas
Suggests that Ogle County
Has poor wind resources
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Wind- A High Cost Alternative

« High Capital Cost-$90 Million
— $1,164/kW (2004), $1,084/kW (2003), $1,233/kw (2002)
— Mendota Hills 11/04- $1,111/kW, Baileyville-$1,125/kW
— Transmission system upgrades are often required

» Poor Capacity Utilization- 30% projected
— 26.9% 1n 2003 average for 137 reporting US wind projects
— 28.0% in 2004 average for 83 reporting projects
— 17.7% Mendota Hills 2004 reported capacity factor

» Small PJM Generation Capacity Value

— Initially set at 16 MW but will be changed based upon summer
operating expertence. May reduce new generation capacity
investment by <$10 Millton .
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US Wind Project Capacity Factor
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Wind Production Cost Before Incentives

3230 Capital Cost— $1,164/kW
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Mendota Hills Wind Project

Performance —2004
Lee County, Illinois
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Wind Power
Only 0.36% of 2004 US Generation

18.08% Non-hydro renewables |B Coal
19.95% B Nuclear
Gas
1.52% Hydro
® Qil/Other
0.36% B Biomass
H Geothermal
L1
. 0-36% Wind
_ 0.01% H Solar
50.46% =

Source: Electric Power Monthly March 2005 (EIA-DOE)
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Renewable Energy
Subsidies

Renewable:
Portfolio Standard

Federal Production Tax Credit- $19/MWh for

20 05 (10 years-must be online by 12/31/05)
State renewable portfolio standards-21 states

Public Benefit Funding sub81d1es-16 states
Net metering- 40 States L[
State rebate programs
Property tax breaks

Green power purchasing programs
State Public Benefit Funding
For Renewable Energy

Energy Ventures Analysis Inc



Baileyville Wind Farm

» Highly Visible

— 400 feet high (255 ft high Supporting tower plus 159 ft
long blade) |

— Night lights on structures for safety reasons
— Likely highly visible from large portion of County

@f Energy Ventures Analysis Inc



Baileyville Wind Farm

* Small contribution to county property taxes

— Energy producing equipment exempt from property
taxes, taxable items may be limited to foundation and
tower structure

» Impact on local property values

— 7 Studies: Wind farms may have adverse property value
- impacts
— 3 Studies: No adverse property value impacts

@1 Energy Ventures Analysis Inc
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Effects on Local Property Values—

Few studies exist, some methodology problems

Several factors drive local property values— interest rates, local economic aciivity,
supply/demand for area properties, recreational activities, etc. It is difficult to isolate
market impact from wind turbines without conducting a-large, long term assessment.
Does it affect property demand ?

Studies Concluding Wind Turbines Devalue Local Property Values

2001-02 Lincoln Township WI study comparing property sales prices to assessed values
before and after wind farm construction. Assessor reported that property sales (vs. 2001
assessed values) declined by 26% within 1 mile and by 18 % > 1 mile of its wind farm project.
However, study includes related party transactions. Moratorium Committee survey of County
residents reported 74% of respondents would not build/buy within 4 mile, 61% within % mile
and 59% within 2 miles of wind farm,

May 2000 County Guardian article Case Against Windfarms— Observations of English
surveyors concluding wind turbines significantly decrease property values by as much as 30%.
Simple survey, no transaction data provided.

1996 Danish report Socigl Assessment of Wind Power-Visual Effect and Noise from Windmills-
Quantifving and Valuation contained survey of 342 people living close to wind mills. Survey
found 13% of people surveyed considered wind mills a nuisance and would be willing to pay
982 DKK per year to have them leave. Survey of house sale prices showed 16,200 DKXK lower
price near single windmills and 94,000 DKX lower price near wind farms versus similar
houses located in other areas.

Assessed values declined significantly for property adjoining Mackinaw City WTG after it

started operation.
Energy Ventures Arnalysis Inc




Effects on Local Property Values—
Few studies exist, some methodology problems

Studies Concluding Wind Turbines Devalue Local Property Values

Impact of wind farms on_the value of residential property and agricultural land: An RICS

survey (November 2004) Khatri, 2004 Survey by Royal Institution of Chartered Surveyors
found 60% of respondents thought a windfarm would decrease value of residential properties
within its view. Only 28% of the respondents thought a windfarm would decrease the value of
surrounding agricultural land while 9% thought there would be a positive agricultural land
value impact. Provided no analysis of value change or supporting transaction data.

Economic dnalysis of a Wind Farm in Nantucket Sound (May 2004) Haughton, Survey of land
owners from 6 towns on Cape Cod. On average, home owners believe that the windmill
project will reduce property values by 4.0%. Households with waterfront property
believe that it will lose 10.9% of its value. Applying these survey results, the study
estimated the total loss in properiy values resulting from the construction of an
offshore wind farm to be over $1.3 billion, a sum that is substantially larger than the
approximately $800 million cost of the wind farm itself. Provided no supporting
transaction data

Appraisal Consulting Report- Forward Wind Project- Dodge County W1 (May 2005) Zarem
Apprasial teport examining paired sales of electric transmission line in Wisconsin concluded
that a windfarm would cause an estimated 17-20% lot value loss within viewshed.

Energy Ventures Analysis Inc
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Effects on Local Property Values—
Few studies exist, some methodology problems

Studies Concluding Wind Turbines Do Not Devalue Local Property Values

2002 Kittitas Valley Washington study by ECONorthwest— Telephone survey of tax assessors
views only. Conclude no adverse property impacts. No supporting transaction data provided.

May 2003 Renewable Energy Policy Report examines property values in areas within 5 miles
of surrounding 9 large wind farms. Concludes “presence of commercial scale wind turbines
does not appear to harm property values.” Did not attempt to look at property values from
within 1 mile due to limited data. Could not compare “like” properties. Roughly 70% of data
was related party transactions and 72% of the data did not have actual views of the turbines.

A Real Estate Study of the Proposed Forward Wind Energy Center Dodge & Fond du Lac
Counties WI (May 2005) Poletti & Associates, Examined property sales records in Kewanee
County Wisconsin and Lee County Illinois, had discussions with two town assessors, reviewed
the two prior wind property studies above and reviewed property value impact studies of
sanitary landfills. Concludes that the “Forward Wind Energy Center is so located as to
minimize the effect on the value of the surrounding property . ”

Energy Ventures Analysis Inc



Baileyville Wind Farm

* No air emissions but may pose other environmental
health & safety challenges

— Noise: Noticeable noise up to % mile depending upon background
levels. Projects subject to Illinois [llinois 35.901.102 sets max
noise levels at residences. Applicant studies suggest that these
levels may be exceeded at 24 non-participating owner residences at

modeled wind speed of 18 mph.

— Source must be at least 750ft away from residential property lines
to comply with limits set for each frequency range (assuming no
attenuation from trees/terrain,etc..) to meet ‘state limit at 8m/s wind
speed. (EVA model of single NM-82 turbine)

- — Must be at least 1,2001t (if located in Class C area) away from
residential property lines to comply with limits sef for each
frequency range (assumung no attenuation from trees/terrain,etc..
to meet state limit at 4m/s wind speed. (EVA model assumptions

@i Energy Ventures Analysis Inc



Single Wind Turbine Noise Level
Model: NM-82 WTG

80
70

60
50 \
40 .

30
20
10
0 f T ; - l
0 500 1000 1500 2000 2500 3000

Distance (Ft)

dBA

Wind Speed- 8m/s, relative humidity 80%, 50 degrees F, no attenuation from trees, terrain or barriers
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Baileyville Wind Farm

* No air emissions but may pose other environmental
health & safety challenges

— Shadow Flicker: Strobe like effect caused by shadows of moving
blades

— Wildlife: Has caused bird and bat deaths if poorly located.
Concermns raised when endangered species are in area

— Aviation hazard: May cause radar interference. FAA can deny
permits if turbine heights pose airport safety risk. Illinois
Agricuitural Aviation Association has adopted a resolution not to

~ serve areas inside or immediately adjacent to wind turbine
groupings

~ Ice Throw: Turbines can throw ice accumulating on blades. Risk
increases with decreasing distance.

@ Energy Ventures Analysis Inc



Wind Siting Issues-
Environmental Health & Safety

+ Local ordinances for wind power development needed to protect public health
& safety, minimize adverse environmental impacts and achieve land use plan

— Setback provisions
* Noise
+ Visibility— Address through limiting allowabie sites and setting minimum
project setbacks and height restrictions.
» Shadow Flicker— Address though minimum setbacks and/or WTG location

 Safety (blade throw, ice throw, structural failure, ground clearance}- Use
etback & minimum clearance requirements.

Setbacks can reach up to 2500 ft

Boone County— 2,000 feet setback provision

Bureau County— 750 minimum setback from any residence

Lee County—- 1,400 feet from residences, 500 feet from roads
Pike County— minimum 3 times turbine+tower height from home
9-10 Rotors recommended

- Height restrictions
~ Exclude areas from development

Energy Ventures Analysis Inc



Wind Siting Issues-
Environmental Health & Safety

» Local ordinances for wind power development needed to protect public health
& safety, minimize adverse environmental impacts and achieve land use plan

— Unsafe & inoperable wind energy facilities— Require bond to cover cost
of removal & site restoration.

— Interference with navigational systems— Location away from airport
Hight paths & Tocking mechanisms to limit airport radar interference

- Non-compliance penalties— Must remove facility if out-of-compliance

@g Energy Ventures Analysis Inc



Claimed Project Benefits

= No air emissions

~ SO2/NOzx emissions maybe displaced but aye not aveided. Displaced generation can
sell/transfer their emission credit to other stations/units. .

- Since wind projects will be competing against other renewable projects for the “set-aside™

market, the wind project may not avoid any CO2 emissions.

* Reduced dependence on fossil fuel
— Wind projects displace no fossil fuels in the renewable set-aside market

—  Since wind power has no capacity value, power companies must still build new fossil fuel
capacify to meet increase power demand

*  Lease payments to Iocal property owners ($1,000-5,000/turbine/year)

Property owners often lose ability to develop their property during lease period (up to 30 years).
In some cases, WT'Gs have devalied local surrounding property values.

« Jobs

- Some temporary construction jobs created to erect wind furbines (0.7-2.6 jobs per turbine
depending upon construction period). Estimated to be 50 construction jobs.

~ Few maintenance jobs (usually <10 for large wind farms). Estimated to create 6 jobs.

Some economic activity and jobs may be lost if higher power costs imposed onto local
ratepayers through renewable portfolio standards.

@j Energy Ventures Analysis Inc
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The Telegraph

Homeowners living near windfarms see property values
plummet

Estate agents have said no one is likely fo buy the Jones's house, which was worth £170,000 before the wind farm was built

By Nigel Bunyan and Martin Beckford
12:01AM BST 26 Jul 2008

Thousands of homeowners may see the vaiue of their properties plurmet after a court ruled that living near a wind
farm decreases house prices. '

When the wind stops - the other side of the wind turbine argument (hitp:/Awww telegraph.co,uk/earth/main jhtml?
xmi=/eaith/2008/07/23/riosplitVeawind 123.xmN

Refusal for wind turbine on iconic landscape (hitp:/iwww.telegraph.co. uk/earth/main.jhtmi?
xmi=/earth/2008/05/26/eawind126.xmh

Wind turbines 'are ruining our quality of life’ (http://www .telegraph.co.uk/news/uknews/1548746/Wind-turbines-%27are-
ruining-our-quality-of-life%27.htm1)

In a landmark case, Jane Davis was fold she will get a discount ¢n her council tax because her £170,000 home had
been rendered worthless by a turbine 1,000 yards away.

The ruling is effectively an official admission that wind farms, which are accused of spoiling countryside views and
producing a deafening roar, have a negative effect on house prices,

It means many other families living in the shadow of the giant turbines could see thousands wiped off the value of their
homes, as the Government pushes ahead with plans to build 7,000 more wind farms over the next decade to meet
ambitious green targets.

Campaigners also fear ministers want to remove the legal right to complain about noise nuisance, condemning those
who live near wind farms to years of blight and reducing the oppartunity for them to resist expansion plans.

Wind farm battle to go to High Court (hitp://Aww.telegraph.co. uk/earth/earthnews/8195145/\Wind-farm-battle-to-go-to-High

Mrs Davis, who launched a nationwide campaign after her own home was rendered worthless by the deafening roar of
a wind farm, claims ministers are tabling an amended to the Planning Act which will remove eight crucial words that
previously offered at least some protection to householders.

"For peaple living near wind farms, both now and in the future, it will be a disaster," she said.

hitp://www.telegraph.co.uk/earth/earthnews/3348084/Homeowners-living-n... 2/16/2011



"There are many, many people living in Middle England who have worked hard all their lives and yet will see the values
of their homes suddenly diminish.

"This isn't about Nimbyism, but the rights of ordinary people to live a normal life."

Mrs Davis, 52, a retired nurse, lives 1,017 (830m) from a wind farm at Deeping St Nicholas, Lincolnshire. Her husband,
Julian, 43, originally bought the property from the county council and the couple had planned to extend it.

But the noise generated by the turbines is so severe, particularly when certain winds make all the blades rotate in
unison, that it left the Davises unable to sleep. They currently live in a rented house a few miles away.

"It's just like the effect you get in a car when the sun roof is open or a window at the back is open. In a car you can do
something about it. But if it's in your house and is coming from a giant turbine a few yards away, you can do nothing,”
said Mrs Davis.

Local estate agents have acknowledged that the house, worth £170,000 before the wind farm was built in 2008, is now
so severely blighted that no one is likely buy it.

Earlier this week the Davises won a landmark victory that reduced their council tax banding.

Although financially the difference is minimal, the reduction was granted on the basis that their home had been blighted
by noise "on the balance of probability™.

Furthermore, the couple secured the ruling in the absence of a statutory noise nuisance - a fact that brought dismay to
wind farm operators.

But Mrs Davis now fears the imminent change in legislation will turn the advantage back to the wind farm lobby, which
is planning to build 4,000 turbines across the countryside - doubie the current number - and increase the number of
those offshore from 150 to 3,000 by 2020.

© Copyright of Telegraph Media Group Limited 2011

htltp://WWW.telegraph.co.uk/earth/earthnéwsB348084/Home6wners-living-n. . 2/16/2011
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Canaan denies local permit for BNE Energy wind turbine The Republican-American
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Canaan denies local permit for BNE Energy wind turbine

CANAAN == The Planning and Zoning Commission recently denied two
applications from BNE Enargy Inc. of West Hartford to erect a wind turbine on
the properiy of Lone Cak Campsites in East Canaan. Chalrman Steve Allyn sald-
the declsion was made because there Is nothing in the regulations dealing with
turbines. He said two apptications, ane a regular one and the other for a special
permit, were submitted. The comwnission took the action after consultations with
the zoning enforcement officer, Its attorney and a land-use consultant, said
Allyn.

BNE Energy has proposed two targer projeets in the asea, wind turbines In
Colebrook ang in Prospect, which because of their size will require Connesticut
Siting Councll approval.
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Conn. residents see Falmouth wind power up close - BostonHerald.com 12/B/10 10:15 PM

Conn. residents see Falmouth wind power up close

- Associated Press | Monday, December 6, 2010 | httprilwww.bostenhevald.com | Northeast

HARTFORD, Conn. — Residents of Prospect concemed about a proposal to bulld wind power turbines in their smail
Connecticut town have gotten a close-up look at a wind project in neighboring Massachusetis to see what they might be
up against.

Mayor Robert Ghatfield hired a bus and took nearly three dozen residents to Cape Cod on a recent weekend to look at
a wind turbine on Falimouth property and to talk to neighbors.

"When | first heard of it, | thought it was the best thing since sliced bread,” the mayor said. "Now I've kind of backed off
a little bit."

Chatfield said most of those who tock the bus trip were opposed to the proposal. He said the project has been the most
contentious issue in town since the late 1990s when plans to build a regional high school drew opposition.

BNE Energy Inc, of West Hartford wants to build two 1.6-megawatt wind turbines. The company did not immediately
return a call Monday.

On its application to the Connecticut Siting Council, BNE Energy said its "Wind Frospect” project will not resuit in air
emissions, will have minimal impacts on state water quality standards and will advance Connecticut’s energy policy by
developing renewable energy resources.

Chatfield said the project would bring the town $1560,000 a year in taxes, a small contribution to Prospect's budget of $7
milllon and millions more in school spending.

Jermy Potamis, wastewater superintendent at Falmouth, greeted the Prospect visitors on his day off.

* said one turbine has been operafing since March at the town’s wastewater plant and another is planned. The turbine
far has generated revenue of $164,000 and is expected to bring in additional $89,000 in less than a year, he said.

"It's definitely a cash cow," Potamis said.

During the planning stages, no one opposed the project, he said. But that has changed because of noise produced by
the turbine.

"There’s a growing number of people that don't fike it visually or say they don't like the whooshing noise," Potamis said.

Prospect neighbors of the proposed project cite, among other complaints, tioise and flickering sunlight produced by the
turbines.

Resident Tim Reilly, who visited Faimouth, said the proposed turbines would be 1,800 feet from his house. Speaking to
Falmouth residents unhappy with the wind turbine gave him new insight, he said.

"It was eye-opening to hear the personal accounts,” he said,

Reilly, a high school marketing teacher, and other residents say the project is potentially dangerous to public safety,
health, quality of life, wildlife and real estate values.

"These things should not be in anyone's back yards,” he sald. "These things should be on a mountain range, on a bay
somewhere.”

Other pressures working against the project include Connecticut's energy goals. The state set goals 10 years ago to
increase renewable energy in its portfolio of power sources, but an annual plan submitted to state regulators earlier this
year sought significant increases in megawatts generated by sources other than wind — landfill gas, hydro power,
biomass, fuel cells and solar energy.

addition, Falmouth may have better prospects generating wind power than Connecticut. The Cape has a superor

http:/ fwww.bostonherald.com/mews/national/northeast/view.bgrarticleid ~1301254&format=taxt Page 1 of 2



wtn, residents see Falimouth wind power up close - BostonHerald.com 12/8/10 10:15 PM

location near the Atlantic Ocean, while Connecticut does not have access to the stiff winds generated by the acean and
has no mountains to produce so-called wind corridors.

Linda Roberts, executive director of the Connecticut Siting Council, said the agency has 60 days from the Nov. 17 filing
of the proposal to take action on it.

Article URL: hitp:/www.bostonherald.comifmewsinationalinortheastiview.bg?articleid=1301254
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1e of the nation's first nuisance lawsuits against a
.«nd farm ended with rulings in 2006 in favor of the
company that developed it after landowners near the
Abilene, Texas, project objected to turbing noise.

Objections to wind farms confinue 10 be raised:

* Pierpont's wehsite, ‘wory windbannsgyrdrarme
com. includes reports of flness from Union, Cre.;
Mars Hill, Maine; Saginaw, Texas; King City, Mo.;
and elsewhere.

Wendy Todd, who ives 2,500 feet from a furbine in
Mars Hill, says she suffers sleep depiivation, and
her neighbors have headaches and dizziness. "You
just can't get used to it," she says of the noise.

= British physician Amanda Harry said in a 2607
study that people Jiving near turbines can
experience anxiety, depression, vertigo and
tinnitus.

» Mariana Alves-Pereira, a Portuguese acoustical
engineer, said in a 2007 study that furbines can
cause vibroacoustic disease, which can fead to
strokes and epiiepsy.

A 2008 study funded by the European Union,
however, found that the sound annoys many pecple,
1t it doesn't affect heatth “except for the
JLerruption of sleep.”

Some of Meyer's neighbors don't understand the
fuss. People who say the noise makes them ilf are
exaggerating, says Rudy Jaeger, 67, who has a
turbine on his farm. "it's no worse than fraffic
drving by " Francis Ferguson, chairman of the
Byron Town Board, which voted to approve the
project here, has heard talk that the sound makes
people sick, but says, "I haven't seen any
documentation.”

The Americah Wind Energy Assoclation would Iike to
see "a credible, third-party” scientific study,
Jodziewicz says. Setbacks are settled between
developers and communifies, and there's no

industry standard, she says.

Susan Dennison, spokeswoman for invenergy, the
Chicago company that built the 88-turbine wind
farm here, says it hasn't received any complaints
about health problems in the area.

The turbines here, which are 389 feet tall including
blades, must be 440 feet from property lines and at
least 1,000 feet from homes, she says.

Concerns aver home values

Eric Rosenbloom of National Wind Watch, an
information clearinghouse, says noise and health
concemns are the top Issues in communities
considering them. The group recommends 1-mile
setbacks from homes.

Rick James, an acoustical engineer from Okemos,
Mich., suggests keeping turbines 1% miles from
homes.

That makes sense to Lany Wunch, a firefighter who
lives a few miles from the Meyers. Turbines encircle
his propetty, and when the wind tops 15 mph, he
says, they “just scream.” The dosest is 1,100 feet
from his house.

Wainch says he and his wife, Sharon, “have lost
sleep and are iritated.” He worries his home's vajue
has dedined and says the wind farm has created
tension between opponents and those who have
them on their property in exchange for annual
payments that Dennison says are about $5,000 a
year. "Its really furned our township upside down,”
Wunch says.

"I it's affecting your health,” Meyer says, "it's hard io
ighor.”
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A 292-foot mistake - Newburyport, MA - The Newburyport Current

WICKED

A 292-foot mistake

By Staff reports
GateHouse News Service
Posted Feb 27, 2000 @ 07:30 AM
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http:/fwww wickedlocal .com/newburyport/news/opinions/x1959828...

Newburypert — There2s no doubt that Mark Richey had nothing but good and green intentions when he erected ag
findustrial wind turbine to generate electricity for ks wood-working factory in the citv®s industrial park, And therets no
question that city leaders who ushered in that project - first with a wind turbine ordinance and then with a Zoning
Board of Appeals special permit - believed they were putting Newburypert in the lead of loral communities that

support alternative and renewable forms of energy.

But now that iths up and running, i1 seems clear that both Richey and the city failed to fully investipatc the potential
impact of the 292-foot-high furbine on the Back Bay neighborhood. And itfs the residents of that neighborhood who

are going to pay for that mistake.

This week, more than & dozen homeowners turned oul for the City Council meeting to explein what itfs like 1o live
next door to the huge, high-tech windmill that is so drematically out of scale with everything surrounding it. Some
deseribed an incessant hum from the generator; others talked about a continual whooshing sound ereated as the blades
cut through the air. In the aftemeons, residents say their homes are hit with a shadow and light flicker; in the evenings,
some catch a red strobe-light effeck in their windows, Some say they have trouble steeping #nd une resident reporied

that the turbine interrupts his television reception.

Residends raised those exact concemns months ago before the turbine was built, but their womies were dismissed by a
stack of reports and experts who said those problems, if they existed al all, would be so insignificant, that oo one would

notice,

And what¥s troubling sbout zll the experts and turbine proponents being so far off the merk on these issues is the fact
ihat most were equally dismissive aboul concerns the neighbors have raised ahout safety. Over the pasl several years,
as more and more industrial wind turbizes have been erecied, there have been an increasing mumber of failures that
include blade throws, oil leaks, fires and, in some cases, a complete collapse of the towers.

In Tight of all of that, the City Council unsnimously agreed this week to send the city'ts wind turbine ordinance back to
its Planning and Development Subcommittee for review. Tt is the very least the city can do. The next step may be to
angwer the concerns of homeowners who have an eye-level view of the head of the turbine from their windows and
back porches. Most would probably agree that those homes have lost some of their market value, and the city should

re-assess those properties and adjust their taxes accardingly.

And one other thing about those homeowners - throughout the wind turbine debate, residents of the Back Bay
neighborhood have been accused of being a NIMBY crowd that supports green initiatives except when it comes to
their backyard. Although the residents who spoke al the council meeting were upset with what¥s happened to their
neighborhacd and angry with the city for failing to Isten to them and protect their homes, they were not there this
week for their backyards. Just about everyone who spoke this week was resigned to the fact that the wind turbine is a
realfty that istut going lo go away. Back Bay residents are speaking cut now to make sure that no other neighborhood
i the city is forced to live with the problems and worries of a wind turbine in their back yard.

They understand and agree that wind power is part of the solution to the country®s challenge to find alternative
sources of energy. What they want in Newburyport is an ordinance that protects the entire community with adequale
setback and site requirements that take into consideration the health and safety of residents, no matter what part of the

city they live in.
And there¥s nothing NIMB Y about that.
Copyrizht 200g The Newburyport Cunent. Some rights reserved
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Department of Veterans Affairs
Medical Center
830 Chalkstone Avenue
Providence, Rhode Island 02908-4799

July 2, 2010

To Whom 1t May Concern,

This letter is in support of Mr. Barry Funfar's complaint regarding noise generated from
the windmill installed near his home. Mr. Funfar is currently receiving treaiment for
positraurnatic stress disorder (PTSD) at the VA Medical Center in Providence, Rl related
to his military service, PTSD is an anxiety disorder characterized by symptoms including
sensitivity to loud or unexpected noises, watchfulness, irritability, sleep disturbance, and
nightmares, These symptoms cause significant distress to the individual and impair
functioning in a number of domains. Mr. Funfar has been making greal progress in
trealment in recent years. However, his symptoms have worsened significantly since the
installation of the windmill. He is experiencing great difficulty with anxiety, irritability,
concentration, and sleep disturbance. These symptoms are causing him significant
distress and impairment in his daily functioning. His backyard, previously his "sanciuary”
where he spent many peaceful hours gardening, is now a place of stress and conflict.
Please consider the mental and physical health of the individuals who are affecled by this
windmill, particularly those, like Mr. Funtar, who have already sacrificed so much for
our country. Should you require further information you may contact me at (401) 273-
7100 x 6165.

Sincerely.

QJ?AL@T’CQ.W_E

Christy Capone, Phl}
Clinical Psychologist
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508 294-2375

Wed, November 17,2010 11:18:48 AM
SUICIDE PREVENTION '

From:

barry funfar <bfunusafg)yahoo.com>

Add to Contacts

To:Selectman <selectmen(@falmouthmass.us>

Nov 17, 2010

DEAR BOARD OF SELECTMEN,

T am someone who has been on both sides of the mental health fence. T lived 35 years with
undiagnosed chronic pisd

{post traumatic stress disorder from 19 months combat in VN), [ollowed by seven years of
intensive twice/week

therapy. By 2008 I was doing very very well to where 1 felt 1 possessed a new life with
grandkids, a secure retirement,

a great place to live, my garden, 1 volunteered for Habitat for Humanity. and my wife and [
were in travel mode. Then along

came Falmouth's wind turbine #1. Within one month | was in a deep depression, | started
drinking once again, my

primary doctor at the VA, Dr. Carol Ryan told me that 1 "must move away from the wind
turbine, that with my ptsd 1

cannot stand the added stress™. My main counselor wrote a letter for me. 1t is enclosed. 1t all
comes down to me not being

able to stand the sounds from the turbine. It absolutely drives me crazy. When it is not
running there is the fear of when it

will start up again. | left my home lor the month of August to come out of that depression.
Now | totally avoid going outside

on my own property.

Every article I see in the Enterprise about suicide makes me think, wonder, if any of you really
know how at the same time ,

you are trying to prevent something, you are aiso contributing to it. 1'am not the only one who
has had suicidal thoughts

over Falmouth's turbine. 1t is best here if 1 do not mention the other person that ¥ know of, but
if you really wanted to know

1 am sure her husband would give you a call.

There actually are studies that show the suicidal inclinations of a percentage of persons living
too near industrial wind turbines.

Just my tiwee cents worth, because to some of us it really is that bad.

Sincerely, "
BARRY FUNFAR

27 Ridgeview Drive
508 294-2375
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Dec 7, 2010

Dear Kay and Richard Turgeon,

My name is Barry Funfar. |live 1662 feet from Falmouth’s wind turbine #1, a 1.65MWait
Vestas 397 foot tall model V-82 which went into operation int April of this year. Never did
I expect | would be spending my retirement time and savings fighting my own town for
my God given rights as a citizen of this country and this town. Falmouth’s irresponsible
siting of this wind turbine has caused me a great loss of quality of life, loss of my rights
to use and enjoy my own property, a significant decline in the value of my property, and
certain detriments to my health and well being. My primary doctor has told me that |
must move away from my home of 30 years, that | cannot endure the stress and anxiety
heaped upon me by noise from the wind turbine. A letter frorm one of my medical
providers is enclosed.

I notice that your setback distance is ~1250 feet from your house. So what, even if you
could insulate your house to keep out the noise. | can no longer stand to garden in my
yard where | had found sanctuary for thirty years. The noise from the turbine drives me
crazy. It is not so much the loudness as the character and quality. of the noise. it gets
in my head and becomes ingrained. The sound can go on for days, be intermittent, or
be absent for periods of time. When it is not there one’s concentration is still broken
because there is the fear of when the noise will start again. Seeing the machine stick
up to the sky is a constant reminder that it rules. Believe me when | say that life near a
wind turbine results in TURBINE TORTURE. | am also enclosing.-a recent leiter | sent i
my Selectmen (Falmouth’s} regarding suicide--YES IT IS THAT BAD. Do not tet anyone
tell you that | know not what | am talking about. Attempting to live at 1662 feet from this
thing has had me learmning everything | possibly can about them. | have attended svery
public seminar having to do with wind turbines offered on or near Cape Cod. | attended
the “First International Symposium on the Effects of industrial Wind Turbines” recently
held in Ont., Canada: 1 read ali | can find on the subject, books and Internet.

These industrial power plants do not belong within 1.25 miles of anyone’s home. That
makes it so simple. Last night | picked up some friends at Logan who were returning
from two weeks in Germany where they had in fact moved from about 35 years ago.
They said that yes, there are wind turbines all over the place, but they are NOT located
near peoples homes. Why are we trying to squeeze them in where they do not befong
in this country.

My neighbors: John Ford at over 3200 feet testified at the Cape Cod Commission
hearing that he is highly bothered by the noise even at that distance. Neil and Betsy
Andersen at 1320 feet have their house windows and garage door shaking. They have
had to move their master bedroom into the basement. Brian Elder, Colin Murphy, Anne
Hart Cool, Jill Worthington, and others. These are real people who have legitimate
complaints about health and sleep deprivation issues caused by Falmouth's wind



turbine. YESIT REALLY IS THAT BAD. DO NOT MAKE THE MISTAKE THAT
FALMOUTH MADE. There is only one solution and that is to properly site wind turbines
with sufficient sethack. At 1.25 miles there may still be some rioise under some certain
conditiens, but it will be minimal and tolerable for all except that very rare extremsly
sensitive person.

Sincerely,

E NI

BARRY FUNFAR

27 RIDGEVIEW DRIVE
FALMOUTH, MA 02540
BEUNUSA®@yahoo.com
508 294-2375
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Utility company executives supposed stall wind-farm development because

they're in cahoots with Big cbalfan'df uranium supplie

by Ed Hiserodl _

cearding 1o the 2o Lneroy -
Fermation Ageney Keporteir e
riciny Genetatior wind power

provided 70L8 biilivn klowutthours thWh)
out of the LS. total of X452 hitlion KW,

14

Wl B0 st be sk does aad poser
eynal vnls 74 pereenr of the veneratad
Pl b el s The st 30ces sedig
v evers polthaal speec it b ondarned the
phrie wind. soli o viher senes ables”
the sodiztion W our enerey prohlems ¥ Then.
o wltie wind peoseer has heer pushed

ts; but are the accusations accurate?

by politicians and environmentalists, new
carstruction of coal-fired plants has been
npposed to the extent that net energy pro-
ducton trom coal in 2009 was below thag
of 1996, and no new nuclear plants have
heen allowed 0 proceed from the drawing
heard since the 1979 accident at Three Mile
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Island, indicating that an energy void was
waiting 1o be filled by some power source,
Cleaner burning but more expensive natoral
£as has made up the difference, not wind
and solar energy.

As we all know, fuel for wind turbine
generators is ftee, so why don’t the tight-
fisted executives at electrical generating
compamnies insist that the percentage of
wind power be brought up to at least 10
percent, if not 20 or 30 percent? One con-
tention is that wtility executives are in bed
with fuel suppliers and reject wind energy
out-of-hand. However, before saddling the
operators of generating companies with
that condemnation, let us take a look at
wind energy from their perspective.

Wind Energy in the Business Plan

To see wind energy through the eyes of
electeicity producers, it is important to
know one basic fact about electricity gen-
eratton, whether it be the generator in your
car or the output of Palo Verde nuclear
complex: Electricity must be used at the
instant of generation. When you tutn ont a
light switch, somewhere on the electrical
network a generator is loaded and slows
down. At generating plants, an automatic
device senses the added load and increases
the temperature of the steam in the boiler
to bring the frequency back to its set point.
When you tarn off a light, the tetnperature
is antomatically reduced, and the frequen-

for for a pumber
; t imagily be
cause wind power is not dis-
parchable ypon.demand.

Power suppliers must
contend with fluctoating
power demands, both daily
and seasonal changes. At
5:30 a.m. alarm clocks start
ringing, coffee pots start up,
along with hot water heat-
ers for showers. Restaurants
{ire up toasters, and factories come up to
speed for a day of preduction. Grid op-
erators expect this to happen and, based
on hour of day, time of year, and day of
week, bring on additional generating as-
sets, such as small coal plants, combined-
cycle gas, and — if lucky enough to have
them —- hydroelectric or pumped-storage
generation, This is known as the dixrnal
cycle, and the generators called on to meet
the varying demand are known as demand

Jollowers. Can wind power be scheduled
i Follow the daily variati
indemand? Hardly Nolonly must opera-

S tespott i Eman
but. o f wind
must do so with a yariable snpply, this
Fortunately for grid operators (2nd
those of us that expect power when we
turn on the light switch), power supplied

Gan wind power he scheduled by
aperators to follow the daily variations in
demand? Hardly. Not anly must operators

respond to a variahle demand from
customers but, in the case of wind powe,
must do so with a variahie supply, thus
bringing a new unknown into the equation.

to the grid can wsually be closely modu-
lated by the various dependable sources,
but not always. For the grid operator, ter-
ror strikes when one of his generating
plants suddenly goes offline or when, ona
particularly hot July afternoon, the system
demand is obviously headed past maxi-
mum generation capacity. In these cases
of peak isads, when demand exceeds the
available supply of electricity, a whole lot
of unhappy things happen. Frequency and
voltage drop, while currents in power lines
increase, requiring astomatic or manual
interroption of loads — blackouts — to
protect the grid. To deal with this, “spin-
ning reserves,” power plants that have
spinning generators but are not loaded, are
brought instantly online. Gas turbines —
essentially jet plane engines connected to
a generator — are also able to add generat-
ing capacity in a very short time.

¢y remrns to the desired value,
This is known as negative feed-
back and is like “cruise con- Demand Stages for Electric Utilities
trol” on your car. .
Electric viilities have a vari-
ety of generators on anetwork. | © Peak Demand Area GSBS Tﬁrgi ls
The workhorses are large coal- g (Also reservd for outages) Hys;gelegt e
fired and nuclear piants thatare | £
designed to run at peak load [
constantly. Some nuclear plants 9_ o }h
have ran: at full power for over | & as 'g;':l?' :gl Cycle
a year — the record for con- | = Hydrosibetric
tinuous power production is | ™
512 days, held by Watts Bar 1 | ¥
in Tennessee. These plants are 2 P e TSt e T
used for base load, ie., theload | & ]
on the system that is there day | @ Base Ldad Area Nuciear
and night, caused by homes’ = Constant Generation Large Copl
hot water heaters, heating and i
cooling systems, street lights, | {
hospitals, 24-hour industries, | widnight Midnight Midinight ;
water and sewage systems, a Day One ¢ Day Two ¢ Day Three Midnight
airports, etc. It would make | EdHisaroat
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lan? ming the preceding analysis i
and it 15), wind | lage i
nergy production from an operation:

standpoint. As Jon Boone (www,

tizmes when local conditions are such that
sufficient wind is not available, but as
the network of wind farms and projects
is tied together in a ‘smart grid,” you will
be able to draw on wind resources from
other areas thus “smoothing out’ your wind
power supply.”

As they say, “It sonnds good in theory.”
Perhaps we could look around the world
and see if this holds true.

Fortunately, there is such a place 1o pro-
vide us an example. In Southeast Australia,

Wind Farm Capacity Factor, Grid Load

014 unreliable: The red graph line represents
the magawatts of load (demand) on the South
East Australia Power Grid, read on the right-
hand scale only. The biue line represents the
percent of total eapacity of several hundred
wing turbines over an area of 40,000 square
miles, read on the left-hand scale only, (Note:
this is two separate graphs commingled.) The
total capacity of the wind farms is only 1,918
megawatts, a small fraction of demand.

there are 13 wind “projects” or “farms”
interconnected within an area covering
40,000 square miles. Roughly, this would
equate to an area in the United States
bounded by Des Moines, east to Phila-
delphia, south to Charleston, South Caro-
lina, and west to a location just south of
Tulsa. mmmmmm

4 u ient for

[ 53

Fue! and Emissions Savings

Unable to find a place for wind in electric-
ity generation, proponents change to their
pseudo-environmental hats: “You can't
deny that when wind energy is producing

stopillwind.org) so tersely puts it:
“In terms of reliable, secure, af-
fordable electricity, wind performs
best when it produces nothing.”

It's Always Blowing Somewhere
Utility executives would no doubt
be concerned with wind power’s
variability and lack of reliabil-
ity, and wind industry lobbyists
would assuredly attempt to allay
executives’ fears with the stan-
dard answer: “Yes, you may find

Megawatts {MW)

This sed of curves shows {from the
top) the total load on the Bonneville
Pawer Administration, hydroslectricity
generation, thermal (coal, nuclear,
natural gas), and sporadic wind
power input. Note that the maximum
wind input comes at a low point in
systam load.

Bonneville Power Administration
Week of October 12 thru 18, 2010
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s
power, we are saving fossil fuels
that otherwise would be being
used.” It is a persuasive argu-
ment and correct if considering
an isolated system. But it is a
wrong one when speaking of
industrial eleciricity generation.

Let vs assume that a stand-
alone windmill turning a pump
funs for an hour and delivers 1
kW of power for 15 minutes, 2
kW for 15 minntes, zero for 15
minates, and 1 KW for the last
15 minutes. One kWh of ener-
gy was used by the pump, and
was delivered via wind power.
If the pump were instead con-
nected to an electrical outlet, we
would have used enough fuel to
provide 1 kKW of power for one
hour, or 1 kWh. Obviously, the
windmill here would save on
whatever fuel was fueling the
generation.

But the wind turbines that
are foisted upon our utilities by lobby-
ists, environmentalists, and politicians do
not operate in what might be considered a
generating vacuum, They operate in a net-
work of other generating equipment where
a change in the output of one device has an
effect on the operation of another,

Let us take an imaginary power grid
that has 100 megawatts (MW} of coal-
fired generating power and 10 MW of
wind power. Let us further suppose that
there is a constant demand on the system
of 50 MW — of which 43 MW is provided

-by coal, and 5 MW from wind turbines, If
the wind component increases to 10 MW,
requiring the temperature in the fossil-
fired boiler to drop by say 10°F in order to
maintain the equality of demand and sup-
ply, energy must be shed as waste heat in
cooling the boiler. Thus when wind power
to the system increases, the energy in the
boiler must be wasted, else the balance of
generation and wsage would be disrupted
causing the network frequency to rise.

But then when the wind component
decreases, the boiler must increase its
temperature to the point where it is now
handling the demand. On the way to this
point, energy is added 1o the system with-
out doing any work: The boiler is merely
“heating up” to the point that generation

oceurs. Thus any time the wind compo-

Call 1-B00-727-TRUE lo subscribe today!

Weak power: Because

of its volatility and
diluteness, wind power
has long been abandoned
for indusirial uses.

the primary generating source,

In practice, the base load is rarely af-
fected by wind, but the boilers in the
power plants functioning as spinning re-
serves (“spinning standbys” in the UK.}
don’t stop consuming fuel while the wind
generation is occurring, To be responsive
to wind speed increases or decreases, the
boilers must maintain a temperature very
near that required for production should
they be called upon to respond instanta-
neously to changes in the wind component.

Those generators paired with wind gen-
eration experience inefficiencies that are
related to wind volatility (the bigger the
swings, the worse the effect) and the per-
centage of wind on the grid (the higher the
wind percentage, the greater
the inefficiencies). When

the wind-power compgnent
equals one percent or s of

there are liftle or no savings
of fossi! foel, but when wind
power_is over two or three

incregse in fuel usace and

CO, emissions — the raison
first.place,”

Looking at the Long Term

Utilities executives, whose job
it is to make sure that custom-
ers have a reliable, economical
source of electric power, would
likely want to deeply explore
the benefits versus drawbacks
of wind generation, and so far
it doesn’t look good. Wind

power_certainly does not fit

info normal generation plans,
and the savings of fosuil fuels

i Moreover,
even if a plethora of wind farms
are tied together, the vagaries
of the weather insure times of
insufficient wind; therefore, all
current generating assets maost
be kept available. In fact, the
assets need Lo be consuming
theemal energy, ready, rotating,
and costing the utility and/or its
customers money without doing
any useful work, i.e., generating
electricity.

There is aniother factor that should be
considered: paiptainsbilitv. How will
the flood of turbines currently being in-
stalled hold up over time? For comparison,
remember that many of our 104 nuclear
plants are nearing their 40-year expected
lifetimes, but thanks to careful engineer-
ing and maintenance are being extended
for another 20 years of operation, often
at a higher than originally designed MW
output level.

i ind-turbi .
highly eomplex device that is much more

than three blades connected to a genera-

“ Interested readers should download “The Ultimate
Txony™ by Kent Hawkins, available from hap://sci-
enceandpublicpolicy.orgireprnt/subsidizing_co2,
hem!

When the wind-power component

equals one percent or so of a grid’s
power, studies show there are liftle or
na savings of fossil fuel, but when wind
power is aver two or three percent, there
may he an increase in fuel usage and
€0, emissions. .
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, If the wind cumponénl increases o 10
MW, requiring the temperature in the
fussil-fired hoiler to drop by say 10°F in

arder 10 maintain he equalily of demand
and supply, energy musi be shed as wasie
in cooling the boiler.

tor. There are motors to adjust the pitch of
the blades to maximize the wind-to-shaft
efficiency — and to stop rotation in high
winds to avoid damaging the turbines.
There is an anemometer on top that directs
a motor fo turn the blades into the wind,
a large bearing to hold the weight of the
blades and resist the many other forces on
it {such as the gyroscopic force encoun-
tered when turning the nacelle). and a
transmission to increase the speed of the
drive shaft from a few pm to 1,800 rpr.
It also has a variety of electrical controls
to synchronize the output frequency to
within microseconds of the grid frequen-
¢y, monitor subsystems. and communicate
this information to wind-farm operations.

14

Knowing that mechanical
systems do experience wear,
and must be maintained and
eventually replaced, what
does this bode for wind tur-
bines?

A report sponsored by the
National Renewable Energy

Labor F 1
a regular skeptic of wind

[ o in -
iowing staterent:

Despite reasonable adherence to
v ign i in

turbing gearmies have yet t0 achieye

heir design life goai wen
ars, with most systems requirin
ignificant repair or_ov 1 wel

before the intended life is reached,

Ouch! Since the cost of wind energy is
largely due to the high cost of wind tur-
bines, wouldn't that increase the already-
high price paid for wind power? From the
same report:

Since gearboxes are one of the most
expensive components of the wind

ture o x failures,

But that’s only one source. Perhaps the
wind promoters in government are being
uncharacteristically negative. How abouta

f f

re 1 1l TR —shoie

generation. These were the concluding
points regavding the state of wind-tigbing
ighility:

2.Such voreligbility will be wiac:
ceptable offshore. we need reliability
of less than 0.5 failyxes per year per
turbing,

Fizing a broken_wind-turbipe
1 -

ing. on a t elt

Perhaps you have seen the scary
sight of your car’s engine being
pulled out of the engine compant-
ment by an overhead crane in a
repair shop. There are hoses and
wires and belts and tubing pok-
ing everywhere. It is maneuvered
over to a bench where the me-
chanics perform mysterions op-
erations, and then the overhead
crane plucks it up and returns it
back into the car. In a few hours
You're on your way with a con-
siderably lighter wallei.

Now imagine that it is not
your car siting on terra firma,
but a nacelle with blades together

¥ Contract No. DE-AC36-99GO10337
Midwest Research Institute

# Durham University School of Engl-
neering, “The Reliability of Different
Wind Tasbine Concepts, with Rei-
evance to Offshore Applications.”
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weighing 92 tons, perched 25 stories in the air
so that a crane longer than a football field must
be brought in, in many cases over mountain
roads, to pick up the gearbox or penerator and
bring it to earth. The mechanic in this case isn't
leaning over your fendey, but has had to climb
25 stories on a ladder — not a staircase, eleva-
tor, or man-lift — straight up hand-over-hand
with precious few places to rest on the way up
{or down).

Tt gets even worse whean doing maintenance
or replacement of rotors, clinging to the nacelle
while directing the crane pperator as to where
to put the hook.

0Oh, did we mention the transformers and
miles of underground 25,000~ to 30,000-volt
electric cables conneciing the wind mrbines to
the coliection transformer?

Rephrasing the Question

Given the ample drawbacks to wind genera-
tion for utility companies and the paucity of
benefits, maybe we should change the ques-
tion to: “Why would any utility executive be
in favor of wind energy being anywhere on his
or her radar?”

Two reasons are evident. First, there are
some left-wing, environmentalist activists in
charge of large utility companies. “Cap and
Tax” supporter Peter Darbee, president of
Pacific Gas and Electric, colnes immediately
to mind. (But he is likely an exception to the
rule)

Second, most executives want to keep their
companies profitable and stay out of jail,
though not necessarily in that order. Enter
the Renewable Porifolio Standard (RPS),
which requires utility companies to produce
a certain percentage of “renewable” energy
output, Lawmakers, many of whom don’t
Imow a volt from a pineapple, have taken it
upon themselves to require those who have
provided energy to their customers for many
decades to change their wicked ways and

embrace :‘“d encfgyl; to please the Wind  wing yurhine fires are usvathy stared b, hahinna » Sertr:r s anisa afunclions. Witk
lobby and the .rafhca' }11 0'11“ government.  fpac haing fusted by several nuadiad galime af tegrann  od frgfigltess ananly look
Unfortunately, it is within theif power t0 do  op and work o pul oul sauindar T bbe 195 = od + i 1 oo o Bustenne-Haueadort

so, temporarily. The mantpulations can only  (Lower Saxony) Garmany
continue for so long before the energy chick-
ens come home to roost.

Politicians, their scientific lackeys, and environmental activists
can lie, and people can be faken fn by smooth-sounding propaganda

about “free energy” and “green jobs.” But eventually the laws uf e 4 Additional copies of this issue of i
physics will show that chariatans have hoodwinked a country into R - NEW AMERICAN are available at quantity-
wasting its capital on structures that one day will be toppled Tike ' discount prices. To place your order. visit
the statue of Saddam Hussein: torn down in protest of government i 1] www.shopibs.org or see the card bevween

manipntation and deceit. W ; L/ BN paces 34-35.
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OPINION | AUGUST 23,2010

Wind Power Won't Cool Down the Planet

Often enough it leads to higher carbon emissions.
By ROBERT BRYCE

The wind industry has achieved remarkabie growth largely due to the ¢laim that it will provide major reductions
in carbon dioxide emissions. There's just one problem: It's not true. A slew of recent studies show that
wind-generated electricity likely won't result in any reduction in carbon emissions-——or that they'll be so small as
to be almost meaningless.

This issue is especially important now that states are mandating that utilities produce arbitrary amounts of their
electricity from renewable sources. By 2020, for example, California will require utilities to obtain 33% of their
electricity from renewables. About 30 states, including Connecticut, Minnesota and Hawaii, are requiring major
increases in the production of renewable electricity over the coming years.

Wind—not solar or geothermal sources—must provide most of this eleciricity. It's the only renewable source that
can rapidly scale up to mest the requirements of the mandates. This means billions more in taxpayer subsidies
for the wind industry and higher electricity costs for consumers.

Mone of it will lead to major cuts in carbon emissions, for two reasons. First, wind blows only intermittently and
variably. Second, wind-generated electricity largely displaces power produced by natural gas-fired generators,
rather than that from plants burning more carbon-intensive coal.

Because wind blows intermittently, electric utilities must either keep their conventional power plants running ail
the time to make sure the lights don't go dark, or continually ramp up and down the output from conventional
coal- or gas-fired generators (called "eycling™). But coal-fired and gas-fired generators are designed to run
continuously, and if they don't, fuel consumption and emissions generally increase. A car analogy helps explain:
An automobile that operates at a constant speed—say, 55 miles per hour—will have better fuel efficiency, and
emit less pollution per mile traveled, than one that is stuck in stop-and-go traffic,

Recent research strongly suggests how this problem defeats the alleged carbon-reducing virtues of wind power.
In April, Bentek Energy, a Colorado-based energy analytics firm, looked at power plant records in Colorado and
Texas. ([t was commissioned by the Independent Petroleum Association of the Mountain States.) Bentek
concluded that despite huge investments, wind-generated electricity "has had minimal, if any, impact on carbon
dioxide" emissions.

Bentek found that thanks to the cydling of Colorado's coal-fired plants in 2009, at least 94,000 more pounds of
carbon dioxide were generated because of the repeated eycling. In Texas, Bentek estimated that the cycling of
power plants due fo increased use of wind energy resuited in a slight savings of carbon dioxide (about 600 tons)
in 2008 and a slight increase (of about 1,000 tons) in 2000.

1of2 12/8/10 831 AM
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The U.8. Energy Information Administration (EIA} has estimated the potential savings from a nationwide 25%
renewable electricity standard, a goal included in the Waxman-Markey energy bill that narrowly passed the
House last year. Best-case scenario: about 306 million tons less CO2 by 2030. Given that the agency expects
annual U.8. carbon emissions to be about 6.2 billion tons in 2030, that expected reduction will only equal about
4.9% of emissions nationwide. That's not much when you consider that the Obama administration wants to cut
COz emissions 80% by 2050.

Earlier this year, anothey arm of the Department of Energy, the National Renewable Energy Laboratory, reléased
a report whose conclusions were remarkably similar to those of the BIA. This report focused on integrating wind
energy into the electric grid in the Eastern U.8., which has about two-thirds of the country's electtic load. If wind
energy were to meet 20% of electric needs in this region by 2024, aecording to the report, the likely reduction in
carbon emissions would be less than 200 million tons per year. All the scenarios it considered will cost at least
$140 billion to implement. And the issue of cycling conventional power plants is only mentioned in passing.

Coal emits about twice as much CO2 during combustion as natural gas. But wind generation mostly displaces
natural gas, because natural gas-fired generators are often the most costly form of conventional electricity
production. Yet if regulators are truly concerned about reducing carbon emissions and air pollution, they should
be encouraging gas-fired generation at the expense of coal. And they should be doing so because 1.8, natural gas
resources are now likely large enough to meet all of America's natural gas needs for a century.

Meanwhile, the wind industry is pocketing subsidies that dwarf those garnered by the oil and gas sector, The
federal government provides a production tax eredit of $0.022 for each Kilowatt-hour of electricity produced by
wind. That amounts to $6.44 per million BTU of energy produced. In 2008, however, the EIA reported subsidies
to oil and gas totaled $1.0 billion per year, or about $0.03 per million BTU of energy produced. Wind subsidies
are more than 200 times as great as those given to cil and gas on the basis of per-unit-of-energy produced.

Perhaps it comes down to what Kevin Forbes, the director of the Center for the Study of Energy and
Environmental Stewardship at Catholic University, told me: "Wind energy gives people a nice warm fizzy feeling
that we're taking action on climate change." Yet when it comes to CO2 emissions, "the reality is that it's not

doing much of anything."

Mpr, Bryce, a sepior fellow at the Marthatian Institute, recently published his fourth book, "Power Hungry: The
Muyihs of 'Green' Energy and the Real Fuels of the Future” (PublicAffuirs).

Copyright 2010 Daw Jones & Company, Inc. All Rights Reserved
This copy is for your parsonal, non-commerciaf use only, Distibution and use of this malerial are govemed by our Subscriber Agreement and by
copytight law. For non-persohal use or to order multiple copies, please contact Daw Jones Reprints at 1-800-843-0008 or visit
winwdireprins.com
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Cost and Quantity of Greenhouse Gas Emissions
Avoided by Wind Generation

By
Peter Lang
This paper contains a simple analysis of the amount of greenhouse gas emissions
avoided by wind power and the cost per tonne of emissions avoided. It puts these
figures in context by comparing them with some other ways of reducing greenhouse

gas emissions from electricity generation.

The conclusion: wind farms connected to the National Gnid provide low value energy
at high cost, and avoid little greenhouse gas emissions.

The paper covers the following:
1. Background
2. Electricity geperation cost per MW/h
3. Greenhouse gas emissions per MWh
4., FEmissions avoided per MWh
5. Costof emjssions. avoided per MWh
6. Comparison with other options to reduce emissions from electricity generation
7. Discussions
8. Conclusions
9. References

10. About the Author

Background

‘Wind power is intermittent, so either energy storage or constantly, instantly available
back-up generation is required to provide constant power.

Wind power is proportional to the cube of the wind speed. So a small drop in wind

speed causes a large drop in the power output. For a modern 2.1 MW wind turbine a
2 m/s drop in wind speed from 9 to 7 m/s halves the power output.
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Typical 100 MW Windfarm for January
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The wind speed is very variable. Figures 1 and 2 give examples of how variable it is.

Figure 1 -~ The variability of wind power

t

£ k o B |
Ll =11 :0 900200/22
40 2008/ LO/LE AN il
- L § 1] . 000 80Q0ER0/ L
: | o B v e Y
3 1 0 S002I90/02
‘0 9002/A0/6

EFF-060 2002/ (/92 0 9002190/

= §.G0°C 9002/90/ L1
. 0 9002/90/91
=/l [ § 000 0002/90/51
eyl 100 900220
| ] . '0 900Z/O0/EL
-] L 10 9008/90/81
: . :0 900Z/90/1 L
0:0 9002/90/0
: _MW”O 9002/90/6

—Actual Output (MW}
—=installed Capacity
—— Averags output

G0 2002/1.0/12

~HreT

-0 20028/ L0/91L

-0 800/ LOfL L 0 900z/30re

L0 90029012
'0 8008909
10 S002/90/S
0 80020
0 900z/a0€
§0:0 9002308

T T } 80:0 9002/90/L
TONCORNDROUTON O

(M) mdmg

Wonthaggi Wind Farm for June 2006

)

3:0 200e/ 109

-0 2002/ 1074
o [w o 20 O 0
888R888%88ec°oe

{mw) inding

Figure 2 - the variability of wind power

17 AM

Created on 16/02/2009 8

Page 2

Peter Lang



Energy storage

!is completely uneconomic for the amounts of energy required. So we

must use back-up generation.

Constantly, instantly available back-up must be provided by reliable energy sources
(to provide power whenever the wind speed drops). Coal, gas, hydro and nuclear
power provide reliable power, but not all are suitable as back up generators for wind

power.

Back-up generation is mostly provided by gas turbines in Australia. The reasons why
gas provides the back-up rather than one of the other energy sources are:

1.

We have insufficient hydro resources to provide peak power let alone provide
back-up for wind power. Hydro energy has high value for providing peak
power and for providing rapid and controllable responses to changes in
electricity demand across the network. So our very limited hydro resource is
used to generate this high value power.

Coal gencrates the lowest cost electricity and, therefore, coal generation is the
last to be displaced when a new source of electricity becomes available (such
as when the wind blows). That is, when wind energy is available it displaces
the highest cost generator first. Coal is displaced last.

Coal generators cannot follow load changes rapidly. Brown coal power
stations (as used in Victoria) are designed to run at full power all the time.
They can only reduce power by venting steam, but they continue to burn the
same amount of coal and hence produce the same amount of emissions
whether or not they are generating electricity. Black coal power stations have
some limited capability to follow the load but cannot follow the rapid changes
in wind power.

Gas turbines can follow load changes fairly well but not as rapidly as the wind
power changes. (Gas turbines power up and down like a turbo-prop aircraft
engine, but with slower response. Next to hydro, gas turbines are best able to
follow the load changes created by wind power.

There are two classes of gas turbine: Open Cycle Gas Turbine (OCGT) and
Combined Cycle Gas Turbine (CCGT). OCGT has lower capital cost, higher
operating costs, uses more gas and produces more greenhouse emissions than
CCGT per MWh of electricity generated. OCGT follows load changes better
than CCGT. OCGT produces electricity at less cost than CCGT at capacity
factors less than about 15% (ie 15% of the energy it would produce if ranning
full time at full power). CCGT has higher capital cost and needs to run at
higher power and run for longer to be economic. CCGT is more efficient so it
uses less gas and produces less greenhouse emissions. CCGT produces
electricity at less cost than OCGT for capacity factors above about 15%. (See
figure 3).

! hitpu//www. greenhouse, pov aufrenewable/assi/pubsiacst-review.pdf | Fig 13, p28
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Figure 3
Source: “Long Run Marginal Cost of Electricity Generation in NSW, A report to the
Independent Pricing and Regulatory Tribunal, Feb 2004”

Exhibit 1-2 Medium New Enfry Cost Scenario as a Function of Capacity
Factor (Medium Scenario) '
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The study noted the cross over points in the cost versus capacity factor
characteristic. These cross over points represent the capacity factors where one
technology becomes more economic than the next. The optimal capacity factors
and the corresponding new entry costs for each technology are shown in Exhibit
1-3 below.

Exhibit 1-3 Optimal Capacity Factors and Associated New Entry Cost
(Medium Scenario)

Thermai Coal CCaGT OCGT
CF 100% EE% 14%
New Entry Cost 536 2/MWh 350.9MAWh $109.0/Wh

6. The ideal arrangement {grossly simplified) is:

a. Coal (and/or nuclear) generates base load power (24 hours per day);

b. CCGT generates shoulder power (approximately 12 hours per day, but
variable duration);

Peter Lang
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c. OCGT generates shoulder and peak power and follows the load
changes (average less than 15% capacity factor);

d. Hydro generates peak power and provides stability to the grid.

7. If wind generation is available the power produced is highly variable and
unscheduled so it needs to be backed up by OCGT. Although OCGT is called
up to back up for wind, the energy produced by wind actually displaces CCGT
generation mostly (see next section for explanation).

8. Because wind energy is variable, unreliable and cannot be called up on
demand, especially at the time of peak demand, wind power has low value.

9. Because wind cannot be called up on demand, especially at the time of peak
demand, installed wind generation capacity does not reduce the amount of
installed conventional generating capacity required. So wind cannot
contribute to reducing the capital investment in generating plant. Wind is
simply an additional capital investment.

The Basis for Comparison

Wind generation displaces CCGT mostly. If we did not have wind power, CCGT
would be the most economical and least greephouse intensive way to generate
shoulder power (non-continuous power). To explain, consider the following.

If govermnments did not mandate and subsidise wind power (by Mandatory Renewable
Energy Targets and State based regulations and subsidies) then CCGT and OCGT
would be installed in the optimum proportions to provide shoulder and peak
generation (in excess of available hydro energy).

If governments mandate wind power then we will need more OCGT and less CCGT
than without wind power. The substitution of OCGT for CCGT is (nearly) in
proportion to the amount of wind capacity installed, not the amount of wind energy
that will be generated. The reason is that the OCGT is required to back up for most of
the wind power’s maximum capacity, not for its average energy production. For
example, if we install 100 MW of wind power, nearly 100 MW of OCGT must be
installed instead of 100 MW of CCGT. (For more detailed explanation see “Security
Assessment of Future UK Electricity Scenarios”z).

To estimate the cost of, and greenhouse emissions avoided by, wind generation we
need fo compare CCGT versus wind generation plus OCGT back-up.

2 hitp:/fwww.tyndall.ac.uk/research/theme2/final reports/t2 24.pdf
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Electricity Generation Caost per MW/h

The cost of electricity generation by gas turbines for various capacity factors® is listed
below:

Generation Cost ($/MWh)
CF OCGT CCGT
100% 60 4
A45% 70 54
30% 78 67
15% 105 160

The cost of wind generation at 30% capacity factor is about $90/MWh (this figure
does not include the cost of back-up). The figure is derived from the proponent’s case
to the NSW Land and Environment Court for a Wind Farm at Taralga, from ESAA®,
and from actual costs for wind generation in South Australia and New Zealand.

Cost of Back up Generation for Wind

The figure of $90/MWh for wind does not include the cost of back up, nor the cost
imposed on the generators, the grid, and distributors caused by the variable and
unreliable power. Some of the costs not included in the figure for wind power are:

1. The cost of the investment in generator capacity required to meet peak
demand. Nearly the full amount of fossil fuel and hydro generating capacity
must be maintained to meet peak demand. The investment in wind displaces
almost no capital investment in conventional generating plant.

2. The fossil fuel generators must charge a higher price for their electricity to
recoup the fixed costs of their plant over a lesser amount of electricity
supplied (ie as they power down when the wind blows)

3. The cost of maintaining ‘spinning reserve’ - keeping the generators running
ready to power up as soon as the wind speed drops, The costs are: fuel,
operation and maintenance, and return on capital invested.

4. The cost of fuel for powering up each time the wind changes.

5. Higher gas costs. Most of the gas price is in the pipes, not the price of the gas
at the well head. The gas supply pipes need to be sized to run the gas turbines
at full power. When the OCGT is operating as back-up for wind it produces
less power than optimum. The fixed cost of the gas pipes is spread over less
MWh generated by the gas turbine. So the cost of gas and hence the cost of
electricity generated must be higher to give an economic retumn for the
generator.

? “Long Run Marginal Cost of Electricity Generation in NSW; A report to the Independent Pricing and
Regulatory Tribunal, Feb 20047, Exhibit 1.2.
4 hitp:/iwww.esas com.afimages/stories//enersvandermissionsstudvsinge?. ndf
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6. High-value, hydro-energy is wasted. With wind power conrected to the grid
extra hydro energy (some of it pumped to storage by coal fired plants during
off-peak hours) has to be used to stabilise the grid, to provide fast response
power when the OCGTs cannot power up fast enough, and to maintain a
greater amount of spinning reserve. The rapid changes in wind power causes
instability in the network. Some wind changes occur faster than the OCGT’s
can ramp up. Fast response hydio energy, from our limited reserves, is used to
balance these load fluctuations.

7. The grid must be stronger to accommodate the greater variability imposed by
the wind generators.

8. There are higher operational costs for the grid operators and distributors. For
example, each distributor has a group dedicated to ensure the distributor buys
enough renewable energy to meet its government mandated obligations. The
full additional cost is millions of dollars per year and this is passed on to
consumers in a higher price of electricity.

Assume that the cost of maintaining back up for wind generation is 50% of the cost of
generating with the OCGT (i.e., $39/MWh based on the preceding figures and :
assumptions). Now we can calculate a cost of having wind power in the generation

mix.
Option 1 ~ No Wind. CCGT generates 45% capacity factor — Cost: $54/MWh

Opti on 2 ~ Wind plus OCGT generates 45% capacity factor - Cost: $121/MWh (see
table below)

Capacity Rate CostMWh
Factor S/MWh SMWh

OCGT 15% $105 $35
Wind 80% $90 $60
OCGT Back-up for wind 30% $39 26
Total Wind and OCGT 45% - $129

The cost of CCGT is $54/MWh. The cost of wind including back-up is about
$121/MWh. The difference is $67/MWh. This is the cost per MWHh to avoid some
CO2 emissions.

Analysis of a report by the UK Royal Academy of Engineering “The Costs of
Generating Electricity™ gives similar figures.

UK p/kWh A$/MWh

CCGT 22 $51
OCGT 3.2 $74
Wind 37 $86
back up 1.7 $40
Wind with back up 54 $126

5htgp:I/www.raen2_0r2.ukfne\.vs;’gublicalionsflisUre[goﬂsJCost Generation Commentarv.pdf
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Greenhouse Emissions per MWh

The University of Sydney’s Integrated Sustainability Analysis report® provides the
greenhouse gas emission intensity factors for wind in columns 2 and 3 below. The
fourth column (for 30% capacity factor and 20 year economic life) is calculated by
factoring from columns 2 and 3.

Capacity Factor 3M.2%  23.1% 30%
Ecohomic life (yr) 25 20 20
Emissions Factor (t CO2-e/MWh) 0.021 C.040 0.027

Source: hito://www proc gov.aufurnpner/does/commissioned/ISA_report.pdf

The greenhouse gas emission factors for gas turbines from the same report are:

Generator technology OCGT CCGT
‘Greenhouse gas emissions factor (t CO2-e/MWh) 0.751 0.577

Emissions Avoided per MWh

If CCGT generated the power, the emissions would be 0,577 t CO2-¢/MWh.

Iif Wind and OQCGT generate the same amount of power, the emissions would be
0.519 t CO2-¢/MWh (see table below).

CF Factor Emissions
t CO2e/MWh  t CO2e/MWh
OCGT ‘ 15% 0.751 0.250
Wind 30% 0.027 0.018
Back-up for wind (assumed 50% of OGCT)  30% 0.376 0.250
Total Wind and OCGT 45% 0519

Therefore, the emissions avoided by wind are: 0.577 — 0.519 = 0.058 t CO2-e/MWh
We can compare this figure with figures derived from two other sources.

First, the “South Australian Wind Power Study™ provides an upper hound fi gure.
This study modelled the effect of introducing wind generation in South Australia on
the amount of fossil fuel generation and the long run and short run marginal costs of
generation across the whole National Electricity Market. The study also modelled the
amount of greenhouse gas emissions saved, but points out that several factors are not
included in the analyses. The study determined the amount of CO2 emissions avoided
by wind, excluding emissions from providing back up, is about 0.5 t CO2-¢/MWh.
This can be considered as an upper bound, because the modelling does not consider:

* Emissions from maintaining ‘spinning reserve’ with back up generators;

¢ hitn /iwww pme.gov. suiumpnerfdocs/commissioned/ISA report.pdf
7“South Australia Wind Power Study” by Electricity Supply Industry Planning
Council, March 2003.
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* Emissions from powering up and ruaning down the generators;

+ Emissions from coal power stations when they are required to reduce power
by venting steam (while they continue to bum coal and emit COZ2 at their full
rate);

* Emissions from generating the energy to provide reactive and feed-in power
for the wind generators;

» Emissions from building, operating and maintaining the strengthened grid
needed to support the distributed wind power generators;

* Emissions from the additional work required by the distributors;

* FEmissions from coal power stations pumping water to pumped storage that
then has to be used for rapid response back-up, for extra ‘spinning reserve’
and for stabilising the grid because of the variable power from wind turbines;

* The hydro energy resource on mainland Australia is limited and insufficient to
provide for even our peak load energy needs. Any hydro energy used as back
up for wind power must be replaced with OCGT generation. In effect, any
hydro energy used for back up for wind has the same emissions as OCGT
munning as back up for wind.

The second source for comparison is the Royal Academy of Engineering report “The
Cost of Generating Electricity”®, We can calculate the amount of emissions avoided
by wind with back vp from the information provided in the report.”

Generation cost (UK p/kWh)  Emissions
Carbon  Carbon

tax £0/t tax £30/ kg CO2e/

CO2-e tCO2-e Difference kWh
CCGT 2.2 3.4 12 0.400™
OCGT 3.2 4.8 1.6 0.533
Wind 3.7 3.7 ] 0.027
back up 1.7 1.7 ) 0.283"
Wind with back up 5.4 5.4 0 0310
Emissions avoided 0.090

So, we have three values for the amount of greenhouse gas emissions avoided by
wind generation per MWh.

Basis of estimate t CO2 avoided
MWh
Wind with OCGT back up displacing CCGT 0.058
Wind, excluding back up (SA Wind Power Study)™ 0.5
Wind including back up (Royal Academy of Engineering, UK) 0.09

® hitp://www. raene org. uk/news/publications/list/reports/Cost_Generation Commentary. pdf

? Using cost data from the Royal Academy of Engineering report (with and without a carbon tax}), we
can infer the emissions per kWh factor they used by taking the difference in cost per tonne CO2 and
dividing it by the carbon tax cost per torne COZ (first two rows). Emissions for wind, back-up and
wind with back-up are taken from the previous page. Emizsions avoided (last row) are calculated by
CCGT emissions minus emissions from wind with back-up.

10 calenlated as: Difference converted from p to £, divided by carbon tax, converted from ¢ to kg

' calculated as: emissions from OCGT x cost of back-up / cost of OCGT

12 «“south Australia Wind Power Study” by Electricity Supply Industry Planning Council, March 2003.
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Cost of emissions avoided per MWh

The cost of emissions avoided by wind power can be calculated from the figures in
the preceding sections. The cost of emission avoided by wind is the cost of
substituting wind power plus OCGT back-up for CCGT. We have three figures for
the amount of emissions avoided. The higher emissions avoided (lower avoidance
cost) is calculated from the results of a modelling analysis which does not include the
emissions from back up. The two low figures for emissions avoided (higher
avoidance cost) do include an allowance for the emissions from back up. The first is
a simple analysis. The other is from a sophisticated study by the UK Royal Academy
of Engineering. :

Cost per MWh to substitute Wind with back-up for CCGT ($MWh) $67 $67 $74
Emissions avoided (t CO2-e/MWh) 0.058 05 008
Cost of emissions avoided ($t CO2-z avoided) $1,149 $134 $830

All three figures for the cost of emissions avoided by Wind power are high compared
with alternatives.

Comparison with Other Options to Reduce Emissions from
Electricity Generalion

Figure 4 shows the cost of avoiding emission, and the amount of ermissions avoided
per MWHh, by some new base load electricity generating technologies. Wind
contributes to generating for shoulder (or non-continuous) power rather than base load
so the figures are not directly comparable. But the figures do indicate that wind
power is a costly way to reduce CO2 emissions (i.e., $134 to $1149 per tonne CO2-¢
avoided), and that the amount of emissions avoided by wind is negligible.

Nuclear power avoids the most emissions per MWh and is the least cost for doing so
at about $22 per tonne of CO2 avoided (Figure 4).
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Figure 4 - Projected cost of electricity, amount of emissions avoided and avoidance
cost per MWh for future base load electricity generation technologies.

Source: calcnlated from the reports by EPRI® and University of Sydney Integrated
Sustainability Analysis™.
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3 hitp:/fwww.pme.gov.au/umpner/docs/commissioned/EPR] report.pdf
1 hitp:/fwww.pme. gov.au/umpner/docs/commissioned/ISA report.pdf
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The table below compares some technology options for reducing emissions. The
technologies are ordered from highest to lowest cost of avoiding emissions (column
3).

Emissions Cost of
Emissions Avoided Emissions
(tCO2-e/ (tCO2-¢  avoided
MWh avoided/ ($/t CO2-e
MWh avoided)

Wind (including back up generation) (Aug)’®  0.519 0.058 $1149
Wind (including back up generation) (UK) 0310 0.090 $830
*Clean Coal’ (IGCC + CCS) 0.176 0.765 $36
Combined Cycle Gas Turbine + CCS 0.108 0.833 $47
Combined Cycle Gas Turbine 0.577 0.364 $33
Nuclear 0.060 0.880 $22
The table shows:

1. Wind power is the highest cost and nuclear the lowest cost for avoiding
emissions (by a factor of about 50) (Column 3);

2. Wind power does not meet the Clean Energy Targets’'® 200 kg/MWh test
(Column 1);

3. Only nuclear and the fossil fuel technologies with carbon capture and storage
meet the 200 kg/MWh test’ (Column 1);

4. Only nuclear and the fossil fuel technologies with carbon capture and storage
can make substantial reductions in ernissions - i.e., can avoid more than 750
kg/CO2-e/MWHh (Column 2). To put this in perspective, 750 kg/CO2-e/MWh
is about 75% of the emissions from conventional coal fired generation. Coal
fired generation produces about 76% of Australia’s electricity and 80% of
electricity's greenhouse gas emissions,

Discussion

The results are sensitive to the input parameters (capacity factors, emissions per
MWh, costs per MWh, and the cost and emissions from back-up).

The capacity factor for wind generation in NSW should be less than the 30% used in
this analysis (for example Crookwell 14.7% over 5 years and Blayney 22%).

" For wind back up generation the figures are:
Wind (excluding back up generation) (Aus) 0.027 0.500 $134

1 The Federal Government recently announced national Clean Energy Targets to
replace the state based renewable energy and emissions reductions schemes. The new
natjonal Clean Energy Target, requires that 30,000 GWh each year must come from
low emissions sources by 2020. Low emission sources are those technologies that
emit less than 200 kg of greenhouse gases per MWh of electricity generated.
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These calculations suggest that wind generation saves little greenhonse gas emissions
when the emissions from the back-up are taken into account.

Wind power, with emissions and cost of back-up generation properly attributed,
avoids 0.058 to 0.09 t CO2-e/MWh compared with about 0.88 t CO2-¢/MWh avoided
by nuclear. The cost to avoid ! tenne of CO2-e per MWh is $830 to $1149 with wind
power compared with $22 with nuclear power. If the emissions and cost of back up
generation are ignored then win power avoids about 0.5 t CO2-e/MWHh at a cost of
about $134/t CO2-e avoided. Even if the costs of and emissions from back up
generation are ignored, wind is still over six time more costly that nuclear as a way to
avoid emissions.

A single 1000 MW nuclear plant {normally we would have four to eight reactors
together in a single power station) would avoid 6.9 million tonnes of CO2 equivalent
per year. Five hundred 2 MW wind turbines (total 1000 MW) would avoid 0.15to
1.3 million tonnes per year — just 2 to 20% as much as the same amount of nuclear
capacity. When we take into account that we could have up to 80% of our electricity
supplied by nuclear (as France has), but only a few percent can be supplied by wind,
we can see that nuclear can make a major contribution to cutting greenhouse
emissions, but wind a negligible contribution and at much higher cost.

Conclusions:
1. Wind power does not avoid significant amounts of greenhouse gas emissions.
2. Wind power is a very high cost way [o avoid greenhouse gas emissions.

3. Wind power, even with high capacity penetration, can not make a significant
contribution to reducing greenhouse gas emissions.
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Speaking Truth to “Wind” Power
By

Michael J. Trebilcock
Professor of Law and Economics, University of Toronto, Faculty of Law

L. introduction

* 'The Green Energy Act (Bill 150), now before the Legislative Assembly of Ontario, is designed fo expedite the process
of promoting subsidized industrial wind power in the province by taking planning responsibilities away from local
municipalities, while remitting most ley decisions to sabsequent Ministerial regutations.” T have five major objections

1o the legislation,

il. The Case Against Industrial Wind Turbines

1) Industrial Wind Turbines Have Minimal fmpact on Carbon Bmisdons
There is no evidence that indusitial wind power is likely to have a significant impact on carbon emissions. The
European experience is instructive, Denmatk, the world's most wind-intensive nation with more than 6,000 mrbines
generating 19 percent of its electicity, has yet to close a single fossil fuel plant [t retquires 50 percent more coal-
generated electricity to cover wind power’s unpredictability, polfution and carbon dioxide emissions bave risen (by
36 percent in 2006 alone) ” The German experience is no different. Germany's carbon dioxide (C02) emissions
have not been reduced and additional coal and gas-fired plants have been constructed to ensure reliable delivery,
especially at times of peak demand® '
Indeed, recent academic vesearch shows that wind power may actually increase greenhouse gas emissions in
some cases, depending on the carbon-intensity of back-up generation required because of its infermittent
character. In an Ontario context, wind power cannot be relied on to provide peak-load capacity and is not

Michael Trebilcack, Professor of Law and Eeonormics, University of Toronto, Faculey of Taw, iz 2 Research Fellow ar the
C.D. Howe Institute, This text draws on his remarks before Ontario's legislative cormmirree on Bill 150, April 8, 2009,

1 L my wife, and other residents of Grey Highlands, and similar rural municipalities in Onrario, are personally affected by this
legislztion and acknowledge this conflict. The following comements reflect a professional career studying economic regulation
and writing on electricity system design, including a year as Research Director of the Ontario Governmenr's Elecaicicy Marke:
Design Committee {1998).

2 David ]. White, "Danish Wind: Too Good to be True?” The Utlicies Journal, July 2004. See also ardcle by Angela Kelly,
written for the magazine Green Places and available at herpe/fwwwicountrypuardian net/Green percent20Places hom

3 Anselm Waldermann, "Wind Turbines in Europe Do Nothing for Emissions-Reductions Goals," Der Spisgel, Febrrary 19,
2009. Available {in German) at www.splegal.definternational/business/0.1518.606763.00.henl.

4 Arthur Campbell, "Hot Air? When Government Support for Intermittznt Technologies Can Increase Emissions,” MIT
Deparement of Econornics, November 21, 2008, Awailable ar hupi//econ-waw.mit edu/files/3563.




needed for base-load where hydro and nuclear generation provide Jower cost, low-carbon electricify. On the negative side
of the environmental ledger are adverse impacts of industrial wind torbines on birdlife and other forms of wildlife, farm

animafs, welands, and viewsheds.

2) Industial Wind Tarbines Are Uneconomic

Industrial wind power is not a viable economic alternative to other energy conservation options. Again, the Danish experience
is instractive. Tts electricity generation costs are the highest in Europe (15 cents/kwh compared to Ontarios s current vate of
about 6 cents).” The Chair of Fnergy Policy in the Danish Parliament calls it “a textibly expeasive disaster™® The US. Energy
Information Administration reported in 2008, on 4 doliar per MWh basis, the US. government subsidizes wind at $23.34~
compared to reliable enerpy sources: nafural gas at 25 cents; coal 2t 44 cents; hydro af 67 cents; and muclear at §1.59, 2
significant industrial subsidy.

Wind genexation is 2 good example of what can go wrong when governments pick winners.” Bach tonne of emissions
avoided due to subsidies to renewable energy such as wind power would cost somewhere between $69 and $137, whereas
under a cap-and-trade schemte the initial price would be less than $15.% Carbon tases and cap-and-trade systems create
incentives for consumers and producers on 4 myriad of margins to reduce energy use 20d emissions and, 25 these numbers
show, overwhelm snbsidies to renewabiles in terms of cost effectiveness.

Under its cruvent standing offer program, the Ontario Power Authority will pay wind producess 13.5 cents/kwh (more

 tha twice what consumers carrently pay for electricity), even without accounting for the additional costs of interconnection,
transmission and back-up generation. As the Furopean experience confitms, this will lead io a dramatic increase in electricity
casts with consequent demmental effects on business and employment (an anti-stimulus policy at a time of serious economic
recession in the province) ” From this perspective, the government’s promise of 55,000 new jobs from renewable energyisa
delusion. A recent detailed Spamsh study finds that for every job created by state-funded support of renewables, particulardy
wind energy, 2.2 jobs are lost.” Each wind industry job created cost alroost $2 million in subsidies (to destroy 2.2 other jobs).
Why would the Ontatio experience be differeat?

3) Industrial Wind Turbines Cause Insufficiently Researched Health Flects

A growing body of scientific and medical evidence suggests that the health effects on those subjected to long and frequent
periods of pulsating, low-frequency noise associated with wind trbines incinde sleep disturbances leading to depression,
chronic sfress, migraines, nansea and dizziness, exhanstion and anger, memory loss and cognitive diffienlties, cardiac
arthythmias, increased beart rate and blood pressure. A prominent academic studyhst.s no fewer than 13 studies that show
noise from wind furbines at night can disturb residents more than 2 km away”’ Those living close to the somrce of noise can
develop what has been termed “Vibroacoustic Disease (VAD). Noise from wind mrbives exhibit the characteristics of noise

5 See John Dyson, "Tilting Againse Windmills,” Reader's Digest, Angust 2003; also irs the Unired Kingdom Parliament House of Lords-
Seience and Technology-Written Evidence, Ocrober 2003. Available ar
http:/furww.publicaons. parliament.uld pa/em200506/ cmaselec/cmwelaf 876/87 6wel 4.hm; and the Response to the 2006 Energy
Review, April 2005, Avaitable at hytp:ferwvw.bempovulk/fles/Rle31065.pdf

G See The United Xingdom Parlizment House of Lords-Sdience and Technology-Written Evidence, October 2003, Available ar
hitp://erwrw.publications.pasliamentuk/pafem2 00506/ cmselect/ emwelaff876/876we 1 4. tm; see also the Response fo the 2006 Encrgy
Review, Apnl 2005, Availzble at http:/fwrnbem govuk/Bles/file31065.pdf

7 William Tuckes, Wall Street Journal, Decernber 29, 2008; see also Patrick Sawyer, "Promoters overstated the environmental benefits of
wind farms,” Telegraph.couk., Decernber 21, 2008, Available ac
heepsf Fvwwr.telegraph. co.uk/earthfenergyfwind power/ 3867232/ Promoters-overstated-the-environmensal-benefit-o L wind-farms. heml,

§ “Wasting Money on Climate Change (Cap and Binge),” Erongmist, March 14, 2009,

9  Max Schulz, g, 52

10 Study of the Effects on Employrment of Public Aid to Renewable Energy Services, Universidad Rey Juan Carlos, March 2009; see alsa
Seven Myths Abour Green Jobs, University of Winois, March 16, 2009 and available at
hrpy//news.pmewswire com/ViewContent.aspr?ACCT = 10985 TORY=/www/story/03-16-2009/0004989090 & EDATE=,

11 "Simple guidelines for siting wind murbines to prevent health risks," George W, Kamperman and Richard R. TamesDearbarn, NOISE-
CON 2008, Michigan, July 28-31, 2008,
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experienced in various occupations (airerews, aircraft maintenance workers, ship workers and an islander population
exposed to environmental infra and low frequency noise) and has been shown fo lead to VAD. Complaints from people
living near wind hirhines are the same as those from persons who have develaped VAD. Also, flicker from turbines ata
minimum are disruptive and annoying. Flicker poses a poteptial risk of photosensitive selmres.”

The refusal of the provincial government to order full independent environmental assessments, including
assessments of heatth effects, of any wind turbine project o date, undermines the credibility of claims that there will be
no such negative effects.

4) Industrial Wind Tarbines Have Adverse Effects on Adjacent Property Vahies

A three-year study of 600 property sales near the Melancton wind turbine developments north of Sheltmrne, Ontario found
that property values decreased by 20 percent to 25 percent (an average of $48,000), were on the market more than twice
as long as properties int adjacent areas, and a large number (four times those that did sell) contd not be sold at any
price.”* While wind developers deny that industrial wind turbines have any effect on property values of neighbouring
residents, common sense sugpests othetwise: how many people familiar with this development would be prepared to buy
recreational or refirement homes in this area, even at sharply discounted prices? In recceational areas that promote their
sceqic ativactions these effects on property values are likely to be even more pronovnced, Refusal by either wind
developers or the provincial government to provide legally enforceable gnarantees of compensation for property value
losses warrants further skepticism aver the claim that there will be no such losses.

5) The Pecision-oraking Process is Undemoceatic and Will Undermine Efficient Regulation
When Premier McGuinty first zan for public office in 2003, his plafiorm included a prominent commitment to “democratic
reniewal” in Ontario. In 2 June 1, 2004 press release, he and bis Minister of Democratic Renewal (Michael Bryant)
declared that they were embarked upon “the most ambitious democratic renewal process in Ontario’s history™

The Green Energy Actwill gut locally-elected governments of major planning responsibilities, remit most key
decisions to subsequent Ministerial regnlations that no one will see unfil after their propmlgation, and will centralize most
important powers over the electricity sector in the Minister’s office, Furthermore, the politicization of major supply and
pricing decisions will serfously compromise the goals of independent , efficient regulation of the electricity sector and
hence the effectiveness of the Ontario Energy Board and the Independent Electricity Syster Operator. ™ For these reasons,
the Green Energy Act represents a poor example of “democralic renewal.”

iil. Minimizing the Damage

Fven if one thought {contrary to my views), that wind turbines were 4 good idea environmentally and economically, there
would be a simple soiution to the impact on rural residents, who face being conscripted to bear most of the burden of
sofving a problem they mostly did not create. The solntion is to ensure that set-backs from residences conform to

12 "Vibroacoustic disease: Biological effeces of infrasound and low-frequency noise explained by mechanotransducdon celtular
signaling.” Mariana Alves-Pereira and Nunio A.A. Castelo Branco, Progress in Blophysics and Molecular Biology, (2007) 53: 256-
279; see kg, "On the Impact of Infrasound and Low Frequency Noise on Public Health - Two Cases of Residentia Exposure,”
Marizna Alves-Pereira and Nuno AA. Castelo Branco, Rev. Lusofora de Ciendias e Tecnologtas da Saude, (2007) 2 (4): 186-200.

13 "Wind wubines, flicker, and photasensitive epilepsy: Characterizing che flashing that may precipisare seizures and optimizing
guidelines to prevent them,” Graham Harding, Pamele Harding and Arnold Wilkins, Epilepsia (2008} 49 {6): 1095-1098.

14 “Living With the Impact of Windsills,” Chris Luxemburger, Direcror Brampron Real Estate Board, Chairperson of Real Estare By-
laws Committee, paper 2008 (gvailable ar hitp://ruralgrubby.fles. wordpress.com/2008/chris-luxemburger-presentation.pédf); see
also a recent Texas study that reaches simitar findings:
heep:f i bobvila. comHowTo,_Library/Green_Backiach The Wind_Turbine_Controversy-Green, Building-A3923-4 heml,

15 See George Vegh, "Green Energy Unbounded,” February 24, 2009. hep:/fucorontalaw. prpepad.com/files/green-energy-
unbounded.doc,
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international standards as endorsed by renowned medical and scientific bodies that have closely examined the health and
environmental risks. The French Academy of Medicine in 2 2006 study recorumends 1.5 km, pending further research on
health effects of persistent exposure o low-intensity noise.

Alternaively, the government could concentrate wind farms in more remoie or sparsely populated areas, as has been done
in Quebec and much of Europe. These measures would also minimize negative impacts on property valnes. But these are
modest palliatives to the fondamental policy flaws in Bill 150 and do not address industrial wind power’s two key “inconvenient
truths™ failure o reduce significantly carbon emissions, #nd exorbitant cost to taxpayers and consumers.

1IV. Good Politics, Bad Policy

In debates over climate change, and in particutar subsidies to renewable energy, there are two kinds of green, First there are
some environmental greens who view the problem as so urgent that all measures that may have some impact on greenhouse
gas emissions should be undertaken immediately, whatever their cost or their impact on the economy and en:npluyuuant.m
Then there are the fiscal greens, who being cool to carbon taxes and cap-and-trade systems that make polluters pay, fronr
massive public subsidies to themselves for renewable energy projects, whatever iheir relative impact on greenhouse gas
emissions. These two groups are motivated by different kinds of green. The only point of convergence between them is their
support for massive subsidies o renewable energy (such as wind turbines).

This unholy alliance of these two kinds of greens (doomsdayers and rent seekers) — a classic Bapiist-Bootlegger coalition,
harking back to the Prohibition era — makes for very effective, if oppormnistic, politics (as reflected in the Ontario
government’s Green Energy Act), fust as i makes for lonsy public policy: paliticians attempt to pick winners 2t our expense in
a rapidly-moving technological landscape, instead of creating a socially efficient set of incentives to which we can alf respond.

16 See Bill McKibben, “The Fiezce Urgency of Now;" Toronto Star, 25th March, 2009: "We have fo do everyzhing we can imagine, all ar once.”
For  eririque of this view, see Roberr Meclatosh, "The Approaching Global Energy Crunch: And How Canada Should Meet I,
C.D.Howe Institute Commentary 203,
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Oud Cap & Jacket property has chilling dean-up cost

B Alan Blag
.Iiepu.bukmn—ﬂ mericent

i PROSPECT — The Towu Couneil
igceived goud and bad news Tuesday
tight about the 3001 cleanup of the
Wrmer 1.5, Cap & Jacket property on
New Haven Road.

The #ood news is that the B.}-acre
sroperty has been laygely cleared of
forces of contamination suspected
3 tainting loca! wells. The $800,000
Heanup project removed seven under-
sround storage tanks and about 1,5
ans of contaminated =soil in
September 2001,

The bad news i that finishing the
ob ~ by reqioving residual contarmi-
1ation deep in the soil — eould cost
1p 16 $2 Taillion, which is at least foor
imes morve that the value of the prop-

ng}‘ﬁcials from the Emvironmental
‘rotection Agency und  siate
Jepartment  of  Envivonmental

Proteetion debrefed the ecouncil
Tuesday might and gave a bleak pic-
fare of what needs to be done.

“The $ource i pretty much gone,
st there's alot of residual contamina-
tion left,” explained John Meyer of the
engineering fym Tetra Tech NUS of
Massachnsetis. “Depending on what
you hawe in the bedrock, it could be
tuite a while before the groundwater
meets state drinidng water standards,”

Meyer said it may take up to 50
vears for the site (o clexnse #self nat-
ovally. .

Given that a private developer
would be nnlikely to ke on the
expense, James Chow of the EFAs
Brewnfields Program recommended
that the town take steps to eliminate

“any unguing public health threat” in
urder to aufindon the site.

He suggasted sealing several un-site
deinking water wells, filling two empty
spptie tanks with sand to prevent any-

one from falling fnto them-gnd demol-

iehing the 21000-squarefdot wares
hovase on the site,

The cost for these projects coulcE
total neardy $280,000, which could
expand if the hmldmg containg nﬂ!el}
contaminant materials, ke Bsbestosi
lead paint or PCBs,

As the final phase of the cleanup.
project, the EPA will examine the*

building for such materials and pros
vide bid speciﬁ[:aﬁons for private con-’
tractors to give more accurate cost
eatimates, “The costs to clean up and
close: owt this site are prohibiiive*
Chow s2id. “Tre town is facing a clas-
si¢ orphan site — owmerless and sharn-
domned,” Chow also recommended a
lornig-term grotmdwater monitoring
program, which is already being han;
tiéd by the DEP.

Magor Bob Chatfield eppHed for an
environmental assessment of the
property and warehouse in 2000,

The EPA found high concentrations
of chloringted solvents, including
. trichloroethylene, which is used to
remove grease from metal parts,

Chatfield emphasgized that the prop-

i ery is owned by a defunct corpora-

Hion and not by the town, which has
avolded invelvement in the land's
chain of ownership.

Council members asked If costs
showld be the town's responsibility,
and Chow explained that it often falls
on the municipality “to step up and
take responsibility.” Federl funds for
the project have been depleted, and

the site no loager qualifies 25 an

immediate health threat.

Several nelghbors to the site
attencded Tuesday's meeting and Hs-
tened patiently to the presentation, ¢

Detty Lukeski lves across New
Haven Road from the site and ones,
worked in the building, Fer tap water

pravided by the DEF, and she already
Imew much of what was presented.
“It’s just a terrible eyesore,” she said.

Lnkeski and her husband, Joseph,
have no plans to move,

Any residents in the neighborhood
who are interested in Raving their
well water tested for contamination
should call DEP Analyst Stephen
Gaura in Hartford, at (850) 424-3Y55.

is now fitered through equipment '
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STATE OF CONNECTICUT
DEPARTMENT OF ENVIRONMENTAL PROTECTION

January 8, 2003

Honorable Robert J. Chatfield
Town of Prospect

36 Center Street

Prospect, CT 06712

Dear Mayor Chatfield:

As you know the former U. 8. Cap and Jacket site has been found to be grossly contaminated
with Industrial chemicals from the misuse and mishandiing of wastes, You also know that this
contamination has impacted ground waters in the area and has impacted at feast one private
drinking water supply well. The Department will continue to monitor the situation through
routine sampling of drinking water wells in the immediate area and will take the appropriate
actions necessary when and if drinking water is discovered to be non-potabie.

The Department is concerned that any newly developed drinking water welis in at least a one-
half mile radius of the site be tested far chemicals that have been discovered at the site, L.e.
volatile organic compounds (VOC's), along with any other testing required by law.

| have enclosed excerpts from the State of Connecticut Depariment of Public Healih Code,
which s current with materials published in Connecticut Law Journal through 10/01/02,
specifically section 19-13-B101,Testing of water quality in private water supply systems to give
you an jdea of the tests that are required by law.

I hope this information proves useful 1o you and the City of Prospect. If | can be of any further
assistance in this matter piease call me at 860-424-3786.

Sincerely,

Stephen J. Gaura

Environmental Analyst

Discovery and Assessment’

Permitting, Enforcement and Remediation Division
Bureau of Water Management

SJG:sig
enclosure

cC Mr. James Chow, United States Environmental Protection Agency, 1 Congress Sireet (HID)
Boston, MA 02114 w/enclosures

Mr. Thomas Wegrzyn, MPH, RS, Director of Health, Chesprocott Health District, Hightand
Avenue, Cheshire, CT 08410 w/o enclosures

( Printed on Recycled Paper)
79 Elm Street * Hartford, CT 06106 - 5127
hitp:/fdep.sinte.ctug
An Egqual Opportunity Employer
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Areas of the Site in which additional subsurface investigations are recommended include the
loading dock area, near the main and north building entrances, the area between the oneg-story
building and Route 69, and the area within the building footprint. Although the recent EPA
removal action eliminated several sources of VOC and ETPH contamination within the loading
dock area, analysis of samples collected during the removal action indicate that residual soi!
contamination remains on the Site at concentrations that exceed 1/C DECs. Analysis of
groundwater samples collected during the December 2000 PA/SI, TINUS's BTSA investigation,
and previous site investigations indicate that at least one contaminant plume containing VOCs
and metais is present on the Site. Contamination continues to migrate off site and impact

adjacent downgradient residential properties.

An additional subsurface investigation of the Joading dock area is recommended to determine

| the extent of residual VOC, ETPH, and metals contamination in scil and groundwater. A

minimum of four soil borings shouid be advanced in this area using a drive-and-wash technique
to avoid contaminating subsurface soil samples witﬁ VOCs that are likely to be present in
shallow groundwater. Continuous soil sampling of each boring should he performed at 2-foot
depth intervals at each boring, with each sample field screened for organic vapors using a PID.
Soit borings should be advanced to the depth at which arganic vapars are no longer detected by
field screening. At least one soil sample per each five feet of depth should be collected for
laboratory analysis of VOCs, ETPH, and metals. Four of the soil borings should be completed
as 2-inch {.D. monitoring weils.

Review of documents pertaining to machining operations that formerly occupied the Site
indicates that the disposal of spent acids or other wastes is likely to have occurred in a former
teaching pit located somewhere west of the building. No visual evidence of the location of this
pit was observed during the BTSA investigation. Recovery of spent solvents and waste oil took
place in the southem portion of the building near the loading dock. An additional attempt should
be made to find the former leaching pit. Once the pit location is identified a groundwater
monitoring well should be placed there. Two to three soil borings and 2-inch 1.D. groundwater
monitoring wells should be placed in the southern portion of the building’s footprint to determine
if the disposal and solvent/waste oil recovery operations contaminated soil and groundwater

beneath these areas of the building.

RID2971F 7-5 Tetra Tech NUS, Irc.




The lactic acid acts as a carbon source to promote anaerobic reductive dechlorination of
chlorinated hydrocarbons. Anaerobic microbes that are present in the subsurface metabolize
the lactic acid, producing consistent low concentrations of dissolved hydrogen which is used by
the microbes as an eleclron receptor to strip chiorine atoms from chlorinated hydrocarbons,
thereby enhancing biodegradation. HRC would not be effective in remediating the elevated
concentrations of SVOCs and metals that were detected at the Site. Aiternative 2 assumes that
these contaminants would attenuate through natural processes prior to impacting downgradient

water supply wells.

The in-situ enhanced bioremediation proposed in this BTSA wouid be intended to reduce
chlorinated VOC concentrations in groundwater within contaminant *hot spots” located in the
loading dock and north building entrance areas, and to reduce VOC concentrations in
overburden and bedrock groundwater plumes located downgradient of the contamination “hot
spots®. In-situ enhanced bioremediation through the addition of HRC is a relatively innovative
. process, and site conditions could affect its effectiveness and implementability. A pilot test

) ‘
would be necessary to verify that this technique will be effective in reducing contaminant
concentrations at this Site,

; The HRC injection system recommended for the Site would include a grid of approximately 100

injection points through which HRC would be applied to the overburden aquifer. Approximately
25 injection points would be advanced into the bedrock aquifer to provide enhanced
bioremediation of chlerinated VOCs in bedrock. Injection point spacing would be based on
analysis of aquifer test results and geological observations, so that the entire groundwater
contaminant plume would be contacted by the HRC. Groundwater monitoring would be
performed on a quarterly basis to track remedial progress and evaluate the effectiveness of the
HRC at decreasing the concentrations of the target contaminants.

7.3 Future Considerations for Site Redevelopment

Reducing VOC concentrations in groundwater {o background or to meet RSR criteria can be
technically difficult. The presence of DNAPL, which analytical data indicates is likely to be
present on the Site, and the contamination of the bedrock aquifer exacerbates this difficulty and

may make achievement of background or GA GPC technically impracticable at this site.
Therefore, the goal of the recommended remedial measures is to remove soil and groundwater
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that are acting as sources of VOC contamination to downgradient areas, and then allow natural
attenuation to reduce contaminant concentrations to background. The response action
conducted in 2001 by EPA removed several sources of contamination to groundwater. |f
additional sources of contamination are identified during the recommended additional
investigations, they should aiso be removed so that additional treatment and natural attenuation

of groundwater contamination can proceed within a reasonable time period.

Redevelopment of the Site for a use that involves the presence of on-site workers will require a
water supply well to provide (at a minimum) water for waste disposal. Construction of a new
water supply well upgradient (southwest) of the source area will be required since the existing
wells are heavily contaminated and should be closed since they are located in the contaminant
plume and may provide a preferential pathway for migration of overburden contamination to the

bedrock aquifer.

Redevelopment of the Site must consider constraints to construction of new buildings and other
site feature that may be imposed by the installation and operation of remedial systems. For
example, installation of a groundwater extraction system on the Site will involve installation of
exfraction wells, piping, electrical wiring, a treatment systemn, and a groundwater discharge
system. The construction of buildings, parking areas and wastewater discharge systems must
not damage system components, or otherwise interfere with a system’s operation, maintenance

or effectiveness.

The elevated levels of VOCs present in the bedrock aquifer on the Site indicate that water from
a new supply well is likely to become contaminated due to drawdown-influenced migration of
contaminants from the on-site source area(s). This well should be connected to a point-of-use
water treatment system to remove VOCs. Both raw and treated water should be monitored
monthly for VOCs and metals. The point-of-use water supply treatment system will prevent
exposure to VOCs by buiiding occupants in the event that contamination is drawn into the new
water supply well. lon exchange may be required If water from the new water supply well
contains elevated metal concentrations, It should be noted that pumping of a new supply well
might mobilize contamination from the source area(s) in such a way that it impacts additional

downgradient properties.
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This document is one of a series of reports and guides that are all part of the NYSERDA
Wind Energy Tool Kit. Interested parries can find all the componencs of the kit at:
sww.powernaturally org. All sections are fice and downloadable, and we encourage
their production in bard copy for distribution to interested parties, for use in public
meetings on wind, etc.

Any questions about the tool ki, its use and availability should be directed to:
Vicki Colello; vac@nxserda.org; 518-862-1090, ext. 3273.

In addition, other reports and information about Wind Energy can be found at
www.powernaterslleorg in the on-line library under “Large Wind.”

MOTICE

This report was prepared Global Energy Concepts in the couse of performing work
contracted for and sponsored by the New York State Energy Research and Development
Authority {hereafter “NYSERDA”). The opinions expressed in this reporr do not
necessarily reflect those of NYSERDA or the State of New York, und reference o any
specific product, service, process, or method does not constitute an implied or expressed
recommendartion or endorsement of it. Further, NYSERDA, the State of New York, and
the contractar make no warranties or representations, expressed or implied, as to the
fitness for particular purpose or merchantability of any product, apparatus, or service, or
the usefulness, completeness, or accuracy of any processes, mechods, or other informarion
conrzined, described, disclosed, or referred to in this report. NYSERDA, the State of
New York, and the contractor make no representation chat the use of any product,
apparatus, process, method, or other information will not infringe privately owned rights
and will assume no liability for any loss, injury, or damage resulting from, or occurring in
connection with, the use of information contained, described, disclosed, or referred to in
this report.
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Lemd

Public health and safety issues associated with wind energy projects are different from
other forms of energy generation since a combustible fael source, fuel storage, and
generacion of roxic or hazardous marerials are noc present. However, wind energy
projects do share similar electrical infrastruciure requirements with conventional power
generation facilities such as medium-voltage power lines and substation equipment.
Unigue concerns for wind turbines relate to the configuration of the equipmenc: blade
throws, ice shedding, fire, and tower collapses. While most of these are extremely
unustal events, public agencies generally address these potential occurrences by
establishing reasonable setbacks from residences and public corridors based on the size of
the turbine and blades,

Hlade Throw

A turbine blade can break due to improper design, improper manufacturing, improper
instailation, wind gusts thar exceed the maximum design load of the turbine structure,
impact with cranes or towers, or lightning. The distance a blade piece can be thrown
from a turbine depends on its mass, shape, speed ar the time it breaks from the machine,
the orientation of the blade at the time of ¢he throw, and the prevailing wind speed.

Although a few instances of blade throws were reported during the early yeurs of the
wind industry, these occurrences are now rare, due in large part 1o better testing, design,
and engineering of commercial wind turbines. Testing and design of blades is discussed
in more detail fater in chis paper.

Fira

Wind wurbines have canght fire; however, this is an extremely rare event. Typically, a
turbine fire is allowed to burn itself out while staff personnel and fire personnel maineain
a safery area around the rurbine and protect against the potential for spot ground fices
thar raight start due to sparks or falling eaterial. Power to the section of the project
wich the turbine fire is also disconnected. An effective method for extinguishing a
turbine fire from the ground dees not yer exist, and the events do not last long enough to
warrant aetial attempts to extinguish the fire. However, since the public typically does
not have access to the private land on which the turbines are posicioned, che public’s
well-being should not be ar risk. :




Towar Coliapse

Althoogh turbine rower collapses are rare, there are reporred insrances of tower collapse
due to various circumstances. The reasons for collapses vary depending on conditions
and rower type, bur have incduded blade strikes, roror overspeed, cyclonic winds, and
poor or improper maintenance (torque bolts). In cases where information is available,
the majority of the major components {rotor, tower, and nacefle) have fallen to within 1
to 2 hub-height distances from the base. As with turbine fires, members of the public do
not typically have access to the private lands on which wind farms are located. As of May
2005, no member of the public has been killed or injured by a failure of a wind wubine.

tee Shedding

Ice can accunmilate on the blades, nacelle, and tower during certain extreme cold-weather
conditions. Many times curbines will shut down in icing conditions because the wind
vane and/or anemometer sensors become frozen, rendering the turbine inoperable. Tce
formation can also reduce power production, which is sensed by the control system that
subsequently hales turbine operation. As the ice melws ic will fall to che ground in the
vicinity of the tutbine.

During operable wind speeds and when che tushine has not yet been shut down
automatically or manually, ice can break off the blades and be thrown from the turbine
{instead of dropping straight down). The distance traveled by a piece of ice depends on
the position of the blade when the ice breaks off, the location of the jce on the blade
when it breaks off, the rotational rate of the blade when the ice breaks from the blade,
the mass of the ice, the shape of the ice {e.g., spherical, Hat, smooth), and the prevailing

wind speed.

No injuries have been reporeed as a resale of ice throws, however, manufacturers and
blade designers continue to research maretials and methods that could be employed to
reduce the possibility of ice accumulation and subsequent throws. Design features such
as the use of black blades and the applications of special coatings have been used at some
cold-weather sites, The best practices to reduce the possibility of ice throws include
establishment of setback safety zones around the turbines and modifications to the
turbine operation during periods of icing, as listed below:
urbine Controls — In addition to accumulating on the blades, icing also affects
the wind speed and direction sensors on the nacelle thar provide information o
the control system of the tuthine, [f the sensors become iced up, the control
computer detects no wind speed and/or no change in the wind direction and
then stops furbine operation aurormatically. When ice melts from the sensor, the
control computer automatically returns the turbine 1o operation. Iciag on the
blades also results in reduced performance, unusual loads, or vibrations thar are
detected by the control system and erigger an automatic stop. In these cases, the
rurbine remains off-line until an operator inspects and manually researcs the




rurbine. If che nurbine is not operating, ice from the blades, nacelle, and tower
falls vo the ground in the immediace vicinicy of the machine.

Operator [nrerventon — Project operators can halt operation of certain turbines
{or the entire project) during icing events 1o prevent ice throws and equipment
damage. Provided some wind is available, site operators can manually ‘bump’ the
rotor for a few slow rotations to make the blades flex and relieve some of the ice
build-up. Under these condidons, the slow rotor speed will again result in ice
faiting to the ground in the immediate vicinity of the machine.

Safecy Zones - Establishing adequate serhack areas from inhabited buildings,
roads, and power lines significantly reduces the risk of injury or demage in the
evenc of ice throws. Research inw quantfying ice throws is limited, probably
due to the facr that there have been no reported injuries associated with these
events. The most complete study o date has been performed in che UK by C.
Morgan, eral. The study quantified the risk of possible strikes from ice chrows,
in terms of distance from the nurbine. The study does not propose specific
setback distances but provides information to help establish serbacks chat are
comparable to other levels of risk. For moderate icing conditions (5 icing days
per year) serback distances of 750 fi 1o 1130 ft correspond to potential strike risks
of 1in 10,000 to 1 in 1,000,000 per year, respectively. {The probability of being
struck by lightning is 1 in 1,000,000 per year). This study assumes a wind
turbine with a 50-m {1 64-ft) roror,

Another factor to consider when assessing the risk of ice throws from wind rurbines is
that the power grid is also impacted by ice formation and power to the project may be
interrupted by the utility due to repair work or actual ourages. Turbine operations stop
immediately when grid power is lost, thereby reducing ice throw risks.

The people most ar risk from falling ice are the site personnel, as mose ice falls from the
blades, nacelle, and rotor near the base of the tower. Most project developers have strict
rules established for personuel and operarions during icing events to prevent worker
injury and ro protect the public.

Vandalism

Though not unique to wind turbine installarions, the potential for vandalism or
trespassing can also cause safety concerns, Wind warbines may actract more arrention
than other strucrures. Project developers report incidences of unauthorized access on
their sites ranging from curiosity seekers to bullet holes in blades. Permits usually require
fencing and postings at preject entrances o prevent unauthorized access. Other
requirements intended vo reduce personal injury and public hazards include locked access
to towers and elecrrical equipment, warning signs with postings of 24-hour emergency
numbers, and fenced storage yards for equipment and spare parts. Fencing requiremencs
will depend on existing Jand uses such as grazing. Some coromunities have established




information kiosks along roadsides o channel curions sightseers out of road traffic and
into an area that is a safe distance frorm the turbines.

Working with Local Bmmsrgency Response Teams

Project developets commonly work with local ersergency response teams to provide
informartion or training on tower rescues and other wind-specific concerns, Falls, injuxies
from heavy or roating equipment, and injuries from electricity represent the types of
events that can occur at 2 wind energy facility. The height of the nacelles provides an
additional challenge for medical responders. The national Occupational Sufety and
Health Administration (OSHAY regulations, in addition to state worker safery
regulations, cover all of the worker safety issues associated with elecrricity, structurat
climbing, and other hazards present in a wind farm.

Mitigation Thvough Setbacks

Many concerns associated with safery, noise, and aestherics can be addressed by placing
distance berween the wind turbines and people, property lines, roads, and scenic areas.
Although no consensus on appropriate distances ar types of setbacks exists, there are
several common themes thar appear in a number of wind energy regulations in place as
of May 2005,

Most local government requirements include setback specifications for the distance
between the wind turbine and strucrures (residences and other buildings), property lines,
and roads. A few agencies have also defined sethacks from railroads and above-ground
transmission lines. The most common way to define 2 setback distance is in terms of 2
multiple of the turbine heighr (for example 1.5 times the wind rurbine height). Other
options are to specify a fixed distance or a cornbination of a fixed distance and a muliple
of the turbine height. When specifying the structure height, it is important 1o define
whether the height is the top of che nacelle or the highest point reached by the rocor
blade (maximum tip height, or MTH).

With regard to setbacks from scrucrures
Exampies . and residences, some permitting agencies
Wind mmg’:ﬂi?gg::&t;ﬁ’g; E:S;g"fif; < MTH differentiate between houses and buildings
Martinsbirg, NY — 1500 71 on the property leased for the project, and
Contra Gosta County, CA~ 2 x MTH houses and buildings an adfacent parcels.
Paim Springs, CA — 1200 ft The implication is thar a greater distance !
is appropriate from structures on adjacent '

»



parcels since those properties have less control over the development chan the landowner.
A waiver of such requirements is typically granted if wrirten permission is provided from
the neighboring landowner.

Setbacks from property lines may Examples

vary for side and rear la_:)t lines but Wind turbine sethacks from property lines

are generally specified in the same Fenner/Stackbridge, NY ~ 1.5 x MTH

way as setbacks from residences. fartinstiirg, NY — 300 ft {rear and side lot lines)

Setbacks from property lines can Contra Gosta Gounty, CA - 3 x MTH or 50011,
whichever is greater {from all boundaries)

pose a challenge for -:smail wind Gank Courty, MNi— fower height

turbines since these installations Wasco Couny, OR ~ at least 5 rofor diamelers
tend to occur on smaller landparcels.
To address this issue, some agencies
define setbacks for commercial wind turbines only. Small rurbines are either exempt or
evaluated on a case-by-case basis. Turbines should be exempt from property line
setbacks if the adjacent property conains a wind trbine from the same plant, or the
adjacent property is a participant in the project through a tand lease and/or wind access
agreement. This is an imporcant consideration particularly in New York, since turbine
layouts and plant infrastrucrure can resuly in roany parcels of land being urilized for one
project.

Setbacks from roads are typically greater for major highways than for local roads. In
some cages, scenic setbacks have been required from particular state highways in close
proximity to designated wind development areas.

When establishing setbacks, the intended effect must be balanced with economic
considerations for the projecr and overall permitting objectives. For example, a setback
decision made by a Town Board in Addison, Wiscansin, bad the effect of reducing the
nunber of proposed turbines by more than two-chirds for a wind project in their
jurisdiction. The project developer proposed a setback of 650 fi around each turbine
(approximately 2.5 x MTH) to address concerns raised abour aoise, safety and visual
trapacts, The Town Board decided to expand the sechack to a minimam of 1000 & from
any residences, road righr-of-ways, or property boundaries. The developer hud a limited
ability to re-position the curbines on the remaining leased property while sdll
maintaining an accepeable energy ourput from the project. As a resule, the nuraber of
proposed rurbine sites was reduced from 28 to approximately 8 and the developer
dropped the project because it was uneconomical.

Safety i1 Design, Construstion, and Operation

Wind turbines and wind power projects are inspected by the uilites (for grid and system
safety) prior ro being energized and duting operation. In the design phase, state and
tocal laws require that licensed professional engineers review and stamp the strucrural
elements (tower, foundarion, roads, building, erc.} and the electrical collection systenm.




Depending on the local requirements and permits, building inspectors can inspect the
project. Finally OSHA has the authority to inspect working conditions.

Wind tarbines and wind energy project instaliations are designed ro meet numerous
applicable standards. Many of these standards are common to a wide range of industrial
equipment and electrical and structural installations. All engineered seructures and
power generating equipment in the United States must meet a number of codes and
standards as dictated typically by the local municipalities and the interconnecting
atilities. At the top level of these are the National Building Code and the Narional
Elecirical Code. All, or part, of these codes are cypically included in municipal
permitting regulations. These codes include standards for earthquakes, structural
integrity, elecrrical specifications, and power quality. Local municipalities may have
noise, environmental, and safery codes as well. The interconnecting urility may also have
its own set of design requiremencs that pertain to power factor, voltage, frequency and
the {ike. These are ofien based on applicable Insticute of Blectrical and Electronic
Engineers (1EEE) standards.

Orthers pertain to wind-turbine-specific design standards, including the Interpational
Electrarechnical Commission (IEC) standards for design and safery. The 1TEC

standards are contained in Sections 61400 and can be found at

i/ fwww.awea.arg/standardsfiec_sids himl Some of the areas addressed in the wind-
wrbine-specific design standards include, but are not limiced ro, wind regire definitions,
load cases, and safecy factors. The overall certification requirements are codified in an
individual standard, 2s are the deratled methodologies for testing power performance,
acoustic nolse emissions, power qualicy, and blade strucrure.

For example, the IEC 61400 gronp of wind wubine standards includes a section on blade
testing. Testing to these standards is conducred by both independent agents and by the
blade and turbine vendors themselves. The test standards include procedures for both
fatigue and maximum-swrength tests. The fatigue testing rypically includes long-duration
testing (one to three months) by continuously cycling the load on the blade. The
maximum strength test is designed to mimic an extreme load event. In each case the
blade is either proof tested to a predetermined lbad or wested vo failure, depending on the
gouls of the test. Blade tests are carried our at the NREL/NWTC facility in Boulder,
Colorado, in the U.S., at the Rise Nadonal Laboratory in Denmark, the Technical
University at Delft in the Netherlands, and CRES in Greece. In addidon, LM in
Denmark, a blade manufacturer, maineains its own blade west facilicies as does turbine
manufaceurer Vestas (NEG Micon has its own facilivy, which is now also Vestas),

Three cerdifying bodies have established procedures for reviewing manunfacturer’s designs
and confirming compliance with these standards: Underwriters Laboratory,
Germanischer Lloyd, and Det Norske Veritas. All wind turbines must meet the design
and safety requirements in order to be certified by ene of these bodies. Certificarion to
these standards is & nearly universal requirement for a wind power project to be built or
financed.

.
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WIND POWER SITING, INCENTIVES AND WILDLIFE
GUIDELINES IN THE UNITED STATES

EXECUTIVE SUMMARY

Wind energy is an increasingly important renewable energy source and offers promise for
contributing to renewable energy portfolios to reduce greenhouse gas emissions from carbon-based
sources. While many believe that wind energy is environmentally benign, there can be costs to
wildlife and essential habitats,

This report details the current status of wind siting regulations, incentives for wind energy
development, and wind siting guidelines for wildlife issues in the United States. In addition, a
review was conducted on which states had “little NEPA’s” (state environmental policy acts with
similar environmental assessment provisions to the National Environmental Policy Act) to
determine if there was any additional environmental review requirements that wind development
would be subject to. The report is intended to provide baseline information about these issues as
state and federal natural resource managers assess ways to proactively address concerns about the
impacts to wildlife from wind development.

Because of the growing interest in renewable energy, wind power siting processes are developing
rapidly with legislative or regulatory changes occurring regularly across the country. Bvery effort
was made to make this report as accurate as possible. The contents of this report are the results of a
survey of state fish and wildlife agencies as well as independent research. The results were made
available for review by the state fish and wildlife agencies to verify the results and the contents are
believed 1o be accurate as of October 26, 2007.

Notes:
State Data on Installed Utility-Scale Wind Power Capacity from the American Wind Energy

Association as of June 30, 2607 (http://www.awea.org/projects/).

State Data on Renewable Portfolio Standards and Renewable Energy Incentives from Database of
State Incentives for Renewable Energy (www.dsireusa.org).
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OVERVIEW OF STATE WIND POWER SITING PROCESSES

States vary widely in their approach to the wind power siting process. The two most common
approaches are through the state’s public utilities commission (or similar name) or the local
communities that may or may not have zoning requirements. However, since wind development is
a new issue in many cases or if there is limited wind potential in the state, there is often no specific
process for wind development. Only six states — Colorado, Minnesota, North Dakota, Oregon,
South Dakota and Vermont — had wind specific siting authority at the time of this review.

Typically, if a development will exceed a certain size it will fall under the jurisdiction of the utilities
commission; however the threshold for consideration varies widely. In states that have a longer
history of wind development, the threshold might be lower. For instance, the Public Utilities
Commission in Colorado has jurisdiction over wind facilities that are greater than 2 megawatts
{MW) or has a structure greater than 50 feet tall. In Minnesota, the Public Utilities Commission
regulates large wind energy conversion systems which are defined as greater than 5 MW.
Connecticut’s Siting Council is responsible for renewable energy facilities greater than 1 MW. In
contrast, New Mexico’s Public Regulation Commission does not have wind-specific regulatory
authority and the threshold for PRC review of energy generating facilities is 300 MW. Arizona,
Massachusetts and Wisconsin also do not have wind-specific authority and the threshold for review
of energy facilities in these states is 100 MW. If a facility does not fall within the threshold of
consideration by the utility commission, it often will fall 1o local jurisdiction for review or there
may be no specific siting regulation.

In nearly a guarter of states, wind siting is managed by local jurisdictions. In many cases, local
zoning or planning regulations impact wind siting and often there 13 state-based environmental
permitting as well. However, in rural counties there may be no zoning or planning authority.

OVERVIEW OF STATE ENVIRONMENTAL POLICY ACT APPLICABILITY
TO WIND POWER SITING

Currently, there are sixteen states thaf have a state environmental policy law that requires some
form of environmental assessment. The laws vary as to what types of projects trigger
environmental impact analysis - some only require review for state agency or state funded projects,
others also require review for any project that requires a state permit, license or certificate and some
laws also impact local government projocts as well. The latter two categories are the primary way
that wind development would require environmental assessment, or if the development receives
some state funding through one of the incentives available. A short list of these states, the name of
the law, the code and the year enacted is below. A more defailed review of each of these laws and
its applicability to wind is included in the wind summaries by state.

States with Environmental Policy Acts
California Environmental Quality Act - California Public Resources Code Division 13 §§21000
to 21177, CA Code of Regulations Chapter 13 §§15000 to 15387, 1970

Comnecticut Environmental Policy Act - Connecticut General Statutes, Title 22a, Ch. 439,
§§ 22a-1 to 22a-11, §§ 22a-1a-1 to 22a-1a-12, 1972
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Georgia Environmental Policy Act - Official Code of Georgia Annotated, Ch. 12-16 (12-16-1 to
12-16 23), Ch. 391-3-16, 1991

Hawaii Environmental Impact Statement law - Hawaii Revised Statutes, Ch. 343, Hawaii
Administrative Rules (HAR), Title 11, Ch. 200, 1974

Indiana Environmental Policy Act - Indiana Code Title 13, Art. 12 Ch. 4 (13-12-4-1 through -10),
329 Indiana Administrative Code (IAC) Art. 5, Rules 1

Maryland Environmental Policy Act - Annotated Code of Maryland, Natural Resources Title,
Subtitle 3, §§ 1-301 to 1-303, State departments have developed their own regulations (e.g. Dept. of
Transportation 1s COMAR 11.01.08.01 to .08), no specific guidelines in DNR title., 1974

Massachusetts Environmental Policy Act - Mass. General Laws, Title I1I, Ch. 30, §§61, 62-62H,
301 CMR 11.00, 1977

Minnesota Environmental Policy Act - Minnesota Statutes, Ch. 116D, Minnesota Rules, Ch.
4410, 1973

Montana Environmental Policy Act - MCA Title 75, C. 1, Pts. 1-3, Administrative Rules of
Montana (ARM) Ti. 17, Ch. 4, Subch. 6: 17-4-601 through 17-4-636, 1971

New Jersey, Executive Order 215 (Kean, 1989) - §§ 7:22-10.1 to 7:22-10.12 of the NJ
Administrative Code provides the guidelines on environmental assessment for projects receiving
state funding, 1989

New York State Environmental Quality Review Act - Environmental Conservation Law Sections
3-0301(1)B), 3-0301(2)(M) and 8-0113, 6 NYCRR Part 617, 1978

North Carolina Environmental Policy Act (SEPA) - North Carolina General Statutes, Ch. 113A,
§§ 113A-1 to 113A-13, North Carolina Administrative Code, Title 15a, Ch. 01, Subch. 01C.0101-
0411 (1 NCAC 25, 1971

South Dakota Environmental Policy Act - South Dakota Codified Laws, 34A9-1 through 34A9-
13,1974
Virginia - Code of Virginia §10.11188 through 1192, 1973

Washington State Environmental Policy Act - Revised Code of Washington 43.21C, Washington
Administrative Code 197-11, 1671

Wisconsin Environmental Policy Act - Wisconsin Statutes, Ch. 1, 1.11(1) through 1.11(5),
Wisconsin Administrative Code, NR 150.01 through NR 150.40, 1972

In researching state environmental review law, eight additional states had a similarly named law
(e.g. [State] Environmental Quality Act, [State] Environmental Tmprovement Act, etc.) that did not
include any provisions requiring environmental assessment. Typically these laws were created to
establish the state’s environmental agency and/or to establish its permitting authority. A list of
these states and the code is below.

States with similarly named Acts with no assessment provisions

Arizona Environmental Quality Act - Arizona Adminisirative Code Title 18
Idaho Environmental Protection and Health Act - Idaho Code §39-101 et seq, 1972
Illinois Environmental Protection Aet - 415 ILCS 5/, 1970
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Maine Site Location of Development Law - MRSA Title 38 Chapter 3 Subchapter 1 Article 6
§§481 to 490

Michigan Natural Resources and Envireonmental Protection Act - Act 451 of 1994 Articles I-
IV, 1994

New Mexico Environmental Ifnprovement Act - 74-1-1 to 74-1-10 New Mexico Statutes
Annotated, 1978 :

Oklahoma Environmental Quality Act - Oklahoma Statates Title 27A 1-3-101, 1993
Wyoming Environmental Quality Aet - Wyoming Stattes, Title 35 Chapter 11

OVERVIEW OF STATES WITH WIND/WILDLIFE GUIDELINES

In review of state fish and wildlife agency response to wind power siting, it is apparent that this is a
relatively new issue for most agencies and that the majority can provide suggestions to developers
but most existing guidelines are voluntary. Some states’ guidelines were developed primarily by
the fish and wildlife agency and focused entirely on wildlife issues, while others included wildlife
recommendations among guidelines ranging from public safety and recreational considerations to
sound and visual impacts.

Only three states currently have mandatory siting requirements through provisions within their
power siting authority’s regulations. Maryland was poised to be the fourth state with mandatory
guidance, however a law passed in early 2007 exempted most wind development (projects 70 MW
ot less) from review by the Public Service Commission; whether Maryland’s proposed guidelines
will be approved by the PSC is now in question.

There are twelve States that have final or near-final voluntary guidelines that were available for
review and analysis for this report. These ranged from Ohio’s that outlined the Department of
Natural Resources permitting authorities, to California’s draft guidelines that take a comprehensive
look at all stages of wind development with detailed recommendations. Four states are in the
process of developing guidelines but have not made them available publicly prior to the writing of
this report. And four states use the U.S. Fish & Wildlife Service’s interim guidelines when
addressing wind development.

Finally, five states approached siting that is largely handled by local jurisdictions by developing
model zoning requivements. These documents provided recommendations or existing examples of
how local governments are already approaching the issue.

Only one state, Kansas, has a position statement on wind power siting (Kansas also has existing
guidelines and a model zoning publication).

States with Mandatery siting requirements through siting rules
Colorado

Oregon

West Virginia
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States with Final or Near-Final Voluntary Guidelines
Arizona - Wind Energy Development Guidelines, Final - July 2006.

California - California Guidelines for Reducing Impacts to Birds and Bats from Wind Energy
Development (pub # CEC-700-2006-013-SD), Final — September 14, 2007.

Yowa - Wind Energy and Wildlife Resource Management in lowa - Avoiding Potential Conflicts,
Final — October 2007

Kansas - Siting Guidelines for Windpower Projects in Kansas, Kansas Renewable Energy Working
Group, Final - April 2005,

New Hampshire - Proposed guidance for wind siting permitting process. Preliminary drafi
submitted by Wind Energy Facility Siting Guidelines Working Group on May 29 2007 to NH
Energy Policy Committee Wind Siting Subcommittee for review. Focuses only on gnidelines for
permitting process and does not include post-construction mitigation or operational surveys.

New Mexico - Impacts of Wind Energy Development on Wildlife, January, 2004

Pennsylvania - Standardized Site Assessment and Monitoring Procedures Regarding Bats/Birds
and Wind Power Development; Mortality Studies Guidance, Final

South Dakota - Siting Guidelines for Wind Power Prajects in South Dakota, Final

Vermont - Guidelines for the Review and Evaluation of Potential Natural Resources Impacts from
Utility-Scale Wind Energy Facilities in Vermont, Draft - April 2006

Washington - Washington State Wind Power Guidelines, Final - Augnst 2003

Wisconsin - Considering Natural Resource Issues in Wind Farm Siting in Wisconsin, Final —
August 2005,

Guidelines in place but do not include prescriptive siting recommendations

Ohio - The Ohio Department of Natural Resources’ (IDNR) guidance is a comprehensive list of
DNR authorities that may be related to the Jocation and operation of wind power generating
facilities. For larger projects, a report containing detailed location maps, construction activities, an
environmental/biological assessment is usually sent to the DNR by Ohio's Power Siting
Coordinator in the Public Utilities Commission of Ohio.

Final - August 29, 2005

States with Model Zoning

Hawaii

Kansas

Massachusetts

Michigan - Michigan Siting Guidelines for Wind Energy Systems, Final - December 2005

Oregon
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States that use the US Fish and Wildlife Service interim guidelines or other
state’s guidelines

Nevada
Montana
North Dakota
Oklahoma

States with Draft Guidelines not available for review
Indiana

Maine

New York

Texas

Cow T e o,

States with Wind Position Statements
Kansas
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ALABAMA

BACKGROUND
Contact: Gary Moody, Gary.Moody@dcnr.alabama.gov

Installed Utility Scale Wind Power: None

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: No

Incentives for Industrial or “Big Wind” Production:
None

Incentives for Residential and “Small Wind” Production:

TVA Green Power Switch Partners Program - $500 plus $.15/kWh (residential/small-commercial)
or $0.20/kWh (large commercial) to purchase entire production of renewable power including wind;
systems must be 50 kW or less.

Interconnection and Net Metering Standards:
No net-metering/inierconnection standards

ENERGY SITING PROCESS

Power Siting Authority: No state agency regulates wind power in the state. Wind potential is
limited and not a focus of the state renewable energy program. Ultilities seeking to build a
generation plant have to file with the Alabama Public Service Commission for a Certificate of
Public Convenience and Necessity. The jurisdiction of the Commission is limited to investor-owned
utilities providing retail service to the public. However, air permits are required from the
Department of Environmental Management.

Wind Specific Siting Authority? No

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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ALASKA

BACKGROUND
Installed Utility Scale Wind Power: 2 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: No

Incentives for Industrial or “Big Wind” Production:

Power Project Loan Fund - Loans from state to local governments, local utilities and independent
power producers for development or upgrade of small scale power production facilities that use
renewables including wind.

Incentives for Residential and “Small Wind” Production:
Golden Valley Electric - Sustainable Natural Alternative Program (SNAP) - up to $§1.50/kWh to
purchase all power from small {max 25 kW) systems including wind.

Interconnection and Net Metering Standards:
No net-metering/interconnection standards.

ENERGY SITING PROCESS

Power Siting Autherity: Regulatory Commission of Alaska provides a Certificate of Public
Convenience and Necessity to any utility that provides electricity (and other ufility service) to ten or
more people. This is not a siting review, but if a facility was to be used commercially without
choosing to be unregulated it would need to go through this process. Smaller facilities or city
utilities would be regulated at the municipal level. Most siting decisions would also be made at the
local level.

Wind Specific Siting Authority? No

WILDLIFE GUIDELINES FOR WIND
wildlife Guidelines for Wind Power Siting: No Guidance
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ARIZONA

Contact: Ginger Ritter, Arizona Game and Fish Dept.-WMHB, 602-789-3606, GRitter@azgfd.gov

Installed Utility Scale Wind Power: None

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes -15% by 2025

Incentives for Industrial or “Big Wind” Production:
Corporate (commercial, industrial, schools, ete.) tax credit of 10% of installation cost up to $25,000
" per building and $50,000 in total credits in one year.

Incentives for Residential and “Small Wind” Production:

* Sales tax exemption for the retail sale and installation by contractors of “solar energy devices”
which is defined to inchide wind electric generators and water pumps.

e Arizona’s Solar Energy Credit provides an individual taxpayer with a credit for instailing a solar
or wind energy device at the taxpayer’s Arizona residence, a credit of 25% of the cost of a solar
or wind energy device, with a maximum limit of $1,000 is allowed against the taxpayer's
personal income tax.

Interconnection and Net Metering Standards:

The state’s utilities individually developed distributed generation interconnection agreements prior
to the Arizona Corporate Commission’s current proceeding to establish statewide standards. The
utilities” net-metering varies by utility, but generally relates to systems of 10 KW or less.

ENERGY SITING PROCESS

Power Siting Authority: Arizona Power Plant and Transmission Line Siting Committee provides a
Certificate of Environmental Compatibility (CEC) to build power plants of 100 MW or more,
Smaller facilities are handled at the county level.

Wind Specitic Siting Authority? No

Code or Regulations: APPLSC Authority: Arizona Revised Statute - 40-360.01. Criteria for
Certificate for Environmental Compatibility - ARS § 40-360.06

Role of State Fish & Wildlife Agency: The Arizona Game & Fish Department reviews all CECs.
However most proposed wind facilities are less than 100 MW, which does not require a CEC.
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Therefore, the Department is working with counties and the AZ State Land Department to get
wildlife concerns incorporated into decisions.

How are wildlife laws applied: Same as any other development project; plans are analyzed for
consistency with Commission and Department policies, management plans, and programs regarding
the protection and conservation of fish and wildlife resources. The state provides project specific
recommendations but does not have the authority to require mitigation.

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: Wind Energy Development Guidelines

Lead Agency on Guidelines: Arizona Game & Fish Department
Status of Wildlife Guidelines: Final - July 2006

Summary of Guidelines: Voluntary guidelines provide recommendations for minimizing the
potential impacts of wind development on wildlife and their habitats. The gnidance recommends a
three year baseline survey, at various times of the year, prior to construction o assess the level of
impact to wildlife and their habitats as well as an invasive species management plan. Outlines
considerations for site placement, habitat fragmentation, power transmission, tower configuration,
and tower design that should be addressed in the pre-construction phase. Describes steps to
undertake during construction to reduce disturbance to habitats and wildlife including siting on
previously disturbed areas, avoiding building during breeding periods, etc. Post-construction
recommendations inclhude conducting a three-year monitoring plan to assess movement, mortality,
behavior changes, and abundance of local species for potential future facility design modifications
to reduce impacts.

Web site for Guidelines: htip://www.azgfd. gov/hgis/pdfs/WindEnergyGuidelines.pdf

Detailed Summary of Arizona’s Voluntary Guidelines

Requires a three-year baseline survey to assess the level of impact to
wildlife (local and migrating populations} and their habitats. Conduct
surveys at various times of the year 10 assess breeding, wintering, and
Pre-construction migrating wildlife use (raptors, bats, songbirds, etc.). Avoid developing in
survey areas of high-density breeding birds or wintering raptors, in high wildlife
use areas, or in migration corridors. Create an Invasive Species
Management Plan during planning and development of project to address
potential impacts from the introduction or spread of invasive species.
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Recommends using underground power lines and raptor protective devices
on above ground wires. Suggests development in cluster and/or string
designs with non-bladed pylous at the ends of large cluster strings. Use
tbular towers with lower blade reaches higher than 100 feet and upper
blade reaches less than 400 feet tall, unless site-specific observations
indicate more optimal tower and blade dimensions. Utilize the minimum
blade rpm. Consider reducing the blade rpm during spring and fall bird
migration, and nights, Minimize lattice towers with guy wires and use bird
flight diverters when guy wires are necessary. Utilize white strobe lights
with no more than 24 pulses/minute and a longer “off” phase between the
flash phases of the light pulses. Paint the ends of the blades to minimize
motion smear. Avoid riprap around towers to reduce prey species that
attract raptors.

Design/Operation
Recommendations

Recommends maximizing the use of flat land and gentle slopes; when
ridges, canyons, cliffs, and fissures are within the project vicinity, offset the
turbines at least S0 meters from the geologic features. Avoid placing strings
or clusters of towers close to prairie dog colonies. Minimize the number of
new roads constructed and maximize use of existing corridors and roads.
Site Development Close and rehabilitate any unnecessary roads after completion of the
Recommendations project. Roads and rights-of-way that provide access to critical wildlife
habitat should be designed for easy and effective closure. Gates should be
installed at onset of construction and closed immediately after completion
of the project. Temporary roads should be obliterated and re-vegetated
immediately after construction. If possible, use agriculture lands or other
disturbed areas,

Recommends that developers of wind towers on private property should
consider entering into a Habitat Conservation Plan with the U.S. Fish and
Consultation with Wildlife Service (USFWS) for the possibility of violating the Endangered
wildlife agency, Species Act, Migratory Bird Treaty Act, and the Bald and Golden Eagle
USFWS Protection Act. Also recommends consulting with AZ Department of
Agriculture to minimize impacts to native plants.

Mitigation None
requirements

A three-year monitoring plan should be developed to assess movement,
mortality, behavior changes, and abundance of local species. Developers
Post-Construction/ | should control noxious weeds using approved herbicides and eliminate use
Operational Surveys | of rodenticides to reduce concentrations of rodent populations on the

‘ perimeter of the facility. Current research recommends development of a
Fire Management Plan.

Decommissioning
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ARKANSAS

BACKGROUND
Installed Utility Scale Wind Power: 0.1 MW

Renewable Portfolio Standard: No

INCENTIVES FOR WIND DEVELOPMENT

Incentives for Industrial or “Big Wind” Preduction:
None

Incentives for Residential and “Small Wind” Production:
None

Interconnection and Net Metering Standards:
Net-metering program that allows interconnection of residential renewable systems up to 25 kW
and nonresidential systems up to 300 kW.

ENERGY SITING PROCESS

Power Siting Authority: Small wind power is regulated by local jurisdictions through zoning and
land use regulations. Major ntility facility construction is authorized by a Certificate of Public
Convenience and Necessity issued by the Arkansas Public Service Commission.

Wind Specific Siting Authority? No
Code or Regulations: Arkansas Public Service Commission siting authority: (Ark, Code Ann. §23-

3-201 et seq.)

WILDLIFE G UIDELINES FOR W. IND
Wildlife Guidelines for Wind Power Siting: No Guidance
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CALIFORNIA

Contact: Scott Flint, California Department of Fish & Game, sflint@dfg.ca.gov

Installed Utility Scale Wind Power: 2376 MW

INCENTIVES FOR WIND DEVELOPMENT

Renewable Portfolio Standard: Yes - 1% increase per year to achieve 20% by 2010 - Governor
has set goal of 33% by 2020.

Incentives for Industrial or “Big Wind” Production:

The California Energy Commission awards production-based incentives, referved to as
Supplemental Energy Payments (SEPs), to eligible renewable energy generators for the above-
market costs of renewable resources selected by investor-owned utilities — PG&E, SDG&E, and
SCE — to fulfill their Renewables Portfolic Standard (RPS) obligations. Funded at approximately
$70 million per year.

Incentives for Residential and “Small Wind” Production:

» Emerging Renewable Program - The California Energy Commission provides cash incentives for
the installation of grid-connected small wind turbines (up to 50 kW): $2.50/W for first 7.5 kW
and $1.50/W for increments > 7.5 kW and < 30 k'W.

» Self-Generation Incentive Program provides incentives to customers who produce then‘ own
power, includes wind turbines (minimum of 30 kW) @ $1.50/W.

Interconnection and Net Metering Standards:

California specifies standard interconnection, operating and metering requirements for distributed
generation (DG) systems up to 10 megawatts (MW) in capacity, including renewables, with
separate simplified rules for small renewables under 10 kilowatts (kW). Net metering in California
applies to renewable-energy systems up to 1 MW in capacity and includes provisions for time-of-
use {TOU) net metering.

ENERGY SITING PROCESS

Power Siting Authority: Local agencies issue land use permits for wind energy

Wind Specific Siting Authority? No
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Code or Regulations: California Environmental Quality Act (CEQA) requires state and focal
agencies to assess environmental impacts of proposed actions they undertake or permit.

Role of State Fish & Wildlife Agency: For wind energy projects subject to CEQA, lead agencies
are required to consult with the California Department of Fish and Game (CDFG). In addition to
CDFG’s responsible and trustee roles in the CEQA. process, direct consultation with CDFG is
required to ensure that a proposed project will meet the intent of Fish and Game Code statutes for
protection of wildlife species, including the California’s Fully Protected Species Act and the
California Endangered Species Act. CDFQG cannot approve or disapprove a project but lead
agencies are required to consult with the Department.

How are wildlife laws applied: Plans are analyzed for consistency with Commission and
Department policies, management plans, and programs regarding the protection and conservation of
fish and wildlife rescurces.

STATE ENVIRONMENTAL POLICY ACT

California Environmental Quality Act - California Public Resources Code Division 13 §§21000 to
21177, CA Code of Regulations Chapter 13 §§15000 to 15387, 1970

Overview:

An Environmental Impact Report (EIR) is required if there is a fair argument based on substantial
evidence that the project may have a sigmficant effect on the environment. An EIR is a detailed
statement that describes and analyzes the significant environmental effects of a project and
discusses ways to mitigate or avoid the effects. CEQA requires that an EIR consider a range of
feasible alternatives that meet most of the objectives of the project and that the significant effects on
the environment be mitigated to the extent feasible.

Projects Affected by Law:
Applies to public works (on state land or using state money, etc.) as well as prlvate projects that
require a permit from the state.

Public Participation Provisions:

CEQA requires that the public have notice and an opportunity to comment on any negative
_declaration, mitigated negative declaration, or EIR prepared under CEQA. If an EIR is prepared, the
lead agency must prepare written responses to the comments,

Applicability to Wind Development?
Local Governments have wind siting jurisdiction and are subject to CEQA

Implementing Agency:

CEQA is a self-executing statute. The Resources Agency is charged with the adoption of CEQA
(Guidelines and may assist public agencies in the interpretation of CEQA, but does not enforce
CEQA, nor does it review the many state and local agency actions which are subject to CEQA for
compliance with the law.
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WIiL.DLIFE GUIDELINES FOrR WIND

Wildlife Guaidelines for Wind Power Siting: California Guidelines for Reducing Impacts to Birds
and Bats from Wind Energy Development (pub # CEC-700-2006-013-8D)

Lead Agency on Guidelines: California Energy Commission in collaboration with CA Dept. of

Fish & Game

Status of Wildlife Guidelines: Final — September 14, 2007

Summary of Guidelines: Voluntary guidelines provide information to help reduce impacts to birds
and bats from new development or repowering of wind energy projects in California. Provides
science-based reference for CA counties, cities and public utilities that permit wind energy projects,
Include recommendations on preliminary screening of proposed wind energy project sites; assessing
direct, indirect, and cumulative impacts to birds and bats in accordance with state and federal laws;
developing avoidance and minimization measures; establishing appropriate compensatory
mitigation; facilitating completion of the permitting process; and operations monitoring, analysis

and reporting methods.

Web site for Guidelines: http://www.energy.ca.gov/2007publications/CEC-700-2007-008/CEC-

700-2007-008-CTF.PDE

Detailed Summary of California’s Voluntary Guidelines

Pre-construction
sarvey

Recommends a site-screening and a pre-permitting study plan to assess the
site’s sensitivity and species-specific data to evaluate a wind energy
project’s potential impacts to birds and bats. From site screening, sites will
fall into one of four categories 1) project sites with available wind-wildlife
data, where pre-siting evaluations could be completed in less than one year
2) project sites with little existing information and no indicators of high
wildlife impacts, where pre-permitting surveys should last a minimum of
one year 3) project sites with high or uncertain potential for wildlife
impacts, where surveys in excess of one year are likely to be needed and 4)
project sites inappropriate for wind development. Qutlines detailed
standards for acceptable surveys including bird use counts and raptor nest
searches for diumal birds, radar, acoustic monitoring, and visual monitoring
for nocturnal migratory birds, and one year of acoustic monitoring for
resident or migratory bats.

Design/Operation
Recommendations

Provides recommendations for developing infrastructure at facilities to
reduce or avoid impacts including appropriate turbine design and layout,
reducing artificial habitat for prey at turbine base area, avoiding lighting
that attracts birds and bats, minimizing power line impacts by placing lines
under ground whenever possible, avoiding using structures with guy wires,
and decommissioning non-operational turbines.
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) Recommends minimizing fragmentation and habitat disturbance. Suggests
Site Developmfant establishing buffer zones to minimize collision hazards (for example,
Recommendations avoiding placement of turbines within 100 meters of a riparian area).

Recommends consultation with the U.S. Fish and Wildlife Service
(USFWR), California Department of Fish and Game (CDFG), CEQA lead
agency, and other appropriate stakeholders during the site-screening, pre-
permitting assessment phage in order to gather information and establish
contacts with key individuals and organizations. For development of
effective compensation measures, the guidelines recommend involving the
CEQA lead agency, project proponent, wildlife agencies, and the affected
public stakeholders through the CEQA process.

Consultation with
wildlife agency,
USFWS

Where planning and construction measures are insufficient to avoid or
minimize estimated impacts to birds and bats, compensation can be used to
mitigate or offset the impacts, including cumulative impacts. Recommends
consultation with CDFG, USTFWS, and species experts to develop site-
specific ratios and fees to use for compensation formulae. Compensation
Mitigation typically involves purchase of land through fee title or conservation
requirements easements and the permanent protection of the biological resources on these
lands. Recommends establishing a range of compensatory mitigation
options to offset high levels of unexpected fatalities that consider
operational and facility changes such as habitat modification, seasonal
changes to cut-in speed, limited and periodic feathering of wind turbines
during low wind nights, seasonal shutdowns, or removal of problem
turbines.

In most situations, two years of operations monitoring is needed so that
carcass counts and bird and bat use data can be collected in spring, summer,
fall, and winter and capture variability between years. Category 1 projects
need a minimum of one year of operations monitoring to assess whether
pre-permitting impact estimates were as low as expected, and to evaluate
the effectiveness of mitigation measures. Category 2 and 3 projects need
Post-Construction/ | the full two years of operations monitoring. Results of the first year of data
Operational Surveys | should be assessed to determine whether modifications to the second year of
study are warranted, Qutlines specific survey needs for number of carcass
search plots (at least 30% or turbines), search plot size (search width is
equal to the maximum rotor tip height), search protocol, frequency of
carcass searches (generally every 2 weeks for 2 years), searcher efficiency
trials, seasonal carcass removal (scavenging) trials, bird and bat metrics,
monitoring reports, bird use counts and bat acoustic inoenitoring.
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Decommissioning

As part of permitting applications, developers should submit a
decommissioning and reclamation plan that describes the expected actions
when some or all of the wind turbines at a wind energy project site are non-
operational. Decommissioning a project typically involves removal of
turbine foundations to three feet (one meter) below ground level and
removal of access roads, unnecessary fencing, and ancillary structures. The
decommissioning plan should also include documentation showing financial
capability to carry out the decommissioning and restoration requirements,
usually an escrow account, surety bond, or insurance policy in an amount
{approved by the lead agency) sufficient to remove the wind turbines and
restore the site,
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COLORADO

Contact: Tom Blickensderfer, CO Department of Natural Resources, (303)866-3157,
t.blick@state.co.us

Installed Utility Scale Wind Power: 366 MW

INCENTIVES FOR WIND DEVELOPMENT

Renewable Portfolio Standard: Yes - 3% for 2007; 5% for the years 2008 to 2010; 10% for the
years 2011 to 2014; 15% for the years 2015 to 2019 and 20% for 2020 and beyond.

Incentives for Industrial or “Big Wind” Production:

Renewable-energy facilitics installed are assessed property taxes as though their installed costs were
comparable to those of nonrenewable-energy facilities. The incremental value of the renewable
facilities above the nonrenewable facilities is disreparded. 2007 Assessment Cost Threshold is
$627/kW up to 100 MW and $533/kW between 100 and 250 MW.

Incentives for Residential and “Small Wind” Production:

s Counties and municipalities are authorized to offer property or sales tax rebates or credits to
residential and commercial property owners who install renewable energy systems on their
property {enacted in April 2007).

o Gunnison County Electric Asgociation provides a loan of up to $25,000 over 10 years for
installation of renewable energy including wind.

e Holy Cross Energy’s WE CARE (With Efficiency, Conservation And Renewable Energy)
Program offers a 52.00-per-watt DC incentive for renewable energy generation including wind.
Payments are not to exceed 50% of actual installed costs, and the maximum rebate per installation
is $50,000.

« LaPlata Electric Renewable Generating Program provides one-time cash rebate to residential
customers installing grid-connected renewable energy including wind - $2 per watt up to $2000.

» Qualified schools {criteria are statutory) may apply to the Wind for Schools grant program if
authorized by their local board of education, through the Office of Energy Management and
Conservation (adopted in 2007), for up to $5000 total to offset the costs of generating electricity
for schools using wind turbines.

Interconnection and Net Metering Standards:

The Colorado Public Uttlities Commission {PUC) net metering and interconnection standards apply
to all qualifying retail utilittes (QRUs) that serve 40,000 or more customers. Systems up to two
megawaits (MW) in capacity that generate electricity using qualifying renewable-energy resources
are elipible for net metering.
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ENERGY SITING PROCESS

Power Siting Authority: Public Utilities Commission regulates 1) “Eligible Renewable Energy
Resources” (as defined CCR Sub Document 3650(f)); 2) Larger than 2 MW; 3) Structure exceeding
over 50 feet in height. Counties have addressed siting through County Master Plans. Included in
this are master planning statutes for “location and extent” of public utilities, access to alternate
energy facilities and location of “areas containing. . ...endangered or threatened species”

Wind Specific Siting Anthority? Yes

Code or Regulations: Code of Colorado Regulations for Public Utilities Commission; 4 CCR
723-3656(b)(c),Colorado State Statutes re: County Master Plans: 30-28-106(3)(a)(IIl) C.R. S.; 30-
28-106(3)(a)(VI) C.R.S.; 30-28-106(3)(a)(XI}B) C.R.S

Role of State Fish & Wildlife Agency: PUC is required to consult with Colorado Division of
Wildlife and U.S. Fish & Wildlife Service.

How are wildlife laws applied: Broad statutory authority to the Colorado Wildlife Commission
and the Colorado Division of Wildlife to investigate populations and habitat needs of species and to
promulgate rules and regulations to implement management programs in order to insure
perpetuation of wildlife species. State can require mitigation for wildlife (game, non-game and
threatened, endangered, and species of concern).

WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Siting Authority serves as specific requirements for
wildlife impact studies.

Lead Agency on Guidelines: CO Division of Wildlife
Status of Wildlife Guidelines: Current

Summary of Guidelines: Mandatory guidelines contained within PUC Rule require consultation
with Colorado Division of Wildlife and U.S. Fish and Wildlife Service. Developers must provide
certification of site-specific avian surveys conducted on facility site and verification that surveys are
used in design, placement and management of facilities for state or federal listed species, sites
shown to be local bird migration pathways and critical habitat and areas where birds or other
wildlife are highly concentrated and are considered at risk.
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Web site for Guidelines: www.sos.state.co.us/CCR

Detailed Summary of Colorado’s Siting Rule

Before achieving commercial operation, the Qualified Retail Utility’s
Renewable Energy Supply Contract requires project developers to certify
that the developer has performed and made publicly available site specific
avian and other wildlife surveys conducted on the facility’s site prior to
construction. Developers are required to certify that they used the survey
Pre-construction results in the design, placement, and management of the facilities to ensure
survey that the environmental impacts of facility development are minimized to
state and federally listed species and species of special concern, sites shown
to be local bird migration pathways, critical habitat and areas where birds or
other wildlife are highly concentrated and are considered at risk. These
rules only apply to energy resources larger than 2 MW with any wind
turbine structures extending over 50’ in height.

Design/Operﬁtion
Recommendations None
Site Development None

Recommendations

Qualified Retail Utilities must require project developers to include written
documentation that consultation occurred with appropriate governmental

Consultation with agencies {for example, the Colorado Division of Wildlife ar the U.S. Fish

‘Inj/lslghwfesagency, and Wildlife Service) responsibie for reviewing potential project
development impacts to state and federally listed wildlife species, as well as
species and habitats of concern.

Mitigation None

requirements

Post-Construction/ | None
Operational Surveys

Decommissioning None
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CONNECTICUT

BACKGROUND

Contact: Greg Chasko, Assistant Director, CT DEP - Wildlife Division, 860-424-3494,
Greg.Chasko@po state.ct.us, 79 Elm Street, Hartford, CT 06106

Installed Utility Scale Wind Power: None

INCENTIVES FOR WIND DEVELOPMENT

Renewable Portfolio Standard: Yes - 27% by 2020: 20% Class 1 resources (including wind); 3%
Class I or Class I resources; 4% Class IIT resources by 2010

Inmcentives for Industrial or “Big Wind” Production:

» Connecticut Clean Energy Fund (CCEF) Project 100 Initiative requires the state’s two electric
distribution companies to obtain a total of at least 100 megawatts (MW) of “Class I”’ renewable
energy (projects of at least 1 MW). Pricing under these contracts includes a premium of up to
5.5¢ per kilowatt-hour (kWh).

¢ The Connecticut Clean Energy Fund (CCEF) Operational Demonstration Program enables early-
stage companies to demonstrate the effectiveness of their own near-commercial, clean-energy
technologies (capacity of at least 1 kW) that have a high likelihood of developing into a
commercial product within a reasonable period of time, projects must have a front-loaded 25%
cash cost-share for any funding provided and the maximum amount of funding for each
individual award is $750,000.

Incentives for Residential and “Small Wind” Production:

» Connecticut provides a property tax ¢xemption for Class I renewable energy sources instalied for
the generation of electricity for private residential use provided such installation occurs on or
after October 1, 2007 (was not mandatory exemption prior to 10/1).

» CCEF - On-Site Renewable Distributed Generation (DG) Program provides grants to support the
installation of systems (including wind - $3.60 per watt; I5-year evaluation timeframe) that
generate electricity at commercial, industrial and institutional buildings - maximum individual
project award is $4 million.

» Connecticut offers grants and loans to retail end-use customers of electric distribution companies
tor the installation of customer-side distributed resources (no more than 65 MW, includes small
wind turbines) - $450/kW for baseload projects ($500/kW if sited in southwest CT); $200/kW for
emergency generators ($250/kW if sited in southwest CT),

* Single-family and Multi-Family Energy Conservation Loans are available through the
Connecticut Housing Investment Fund (CHIF), loans range from $400 - $25,000 (1-4 family
units) and $2,000 - $60,000 (multi-family of 5+ units); interest rates vary in accordance with the
borrower's family size and income and the loan may be repaid over ten years,
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Interconnection and Net Metering Standards:

Connecticut has interconnection rules and procedures for all distributed generation (DG)
technologies up to 25 megawatts {(MW) in capacity. Connecticut requires investor-owned utilities to
provide net metering to customers that generate electricity using Class I renewable energy sources
up to two megawatts (MW) in capacity, there is no stated limit on the aggregate capacity of net-
metered systems in a utility's service territory.

ENERGYSITING PROCESS

Power Siting Authority: Connecticut Siting Council provides a Certificate of Environmental
Compatibility and Public Need for electricity generating facilities and regulates facilities 1 MW or
larger that are fueled by renewable energy sources. Town planning and zoning will also impact
development. State environmental permitting affects development; requirements will vary by
location, for example, offshore sites would be governed by Coastal Zone Management authorities.

Wind Specific Siting Authority? No

Code or Regulations: CT Siting Council - General Statutes § 16-504, Environmental statutes:
various sections of Connecticut General Statutes - Titles 22a26 would apply.

Role of State Fish & Wildlife Agency: Towns can consult with CT Dept. of Environmental
Protection

How are wildlife laws applied: Energy facility applications must include “a description of the
effect that the proposed facility would have” on ecological integrity, wetlands and watercourses,
and wildlife and vegetation, including rare and endangered species, critical habitats, and species of
special concern, with documentation by the Department of Environmental Protection Natural
Diversity Data Base. State can require mitigation if a state permit is required, state listed
endangered or threatened species can overrule other factors

STATE ENVIRONMENTAL POLICY ACT

Connecticut Environmental Policy Act (CEPA) - Comnecticut General Statutes, Title 22a, Ch. 439,
§§ 22a-1 to 22a-1i, §§ 22a-1a-1 to 22a-1a-12, 1972

Overview:

For each State action covered by CEPA, the sponsoring agency must make a detailed written
evaluation of its environmental impact before deciding to undertake or approve the action.
Environmental Impact Evaluations (EIEs) must examine the direct, indirect, and cumulative
environmental consequences of the proposed action, and any reasonable alternatives to it. The
regulations list a number of factors the sponsoring agency must consider, including impacts on
public water supply systems, effects on natural land resources and formations, use of pesticides or
toxic or hazardons materials, a substantial increase in traffic, and substantial esthefic or visual
effects.
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Projects Affected by Law:

Applies to activities (1} proposed by a state department, institution, or agency or (2) funded in
whole or in part by the state, that could have a major impact on the state’s land, water, air, historic
structures and landmarks, existing housing or other environmental resources, or could serve short
term to the disadvantage of long-term environmental goals.

Public Participation Provisions:

The legislature added a public “scoping” process to CEPA in 2002 that allows the pubiic to
comment on a proposed action before an agency begins the formal ELE process. After completion of
an EIE, it is made available for public review; the public has 45 days to comment on an EIE. A
public hearing may be held during the public scoping process but it is required if requested by 25
people or a group representing 25 people.

Applicability to Wind Development?
Only if wind project is receives state funding (the state does have incentives for wind power
developrment) or it is on state land.

Implementing Agency:
Department of Environmental Protection, Office of Environmental Review

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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DELAWARE

BACKGROUND
Installed Utility Scale Wind Power: None

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - 20% by 2019

Incentives for Industrial or “Big Wind” Production:

The Technology and Demeonstration Program, through Delaware’s Green Energy Fund, provides
grants to projects that demonstrate the market potential for renewable technologies and accelerate
the commercialization of these technologies in Delaware; individual grants cannot exceed 25% of
the cost of the eligible equipment for a renewable energy technology project and will not exceed
$200,000 per project

Incentives for Residential and “Small Wind™ Production:
Delaware Green Energy Program Incentives - provides rebate of 50% of installation cost for
renewable energy up to $22,500 for residential small wind turbines or $100,000 for non-residential.

Interconnection and Net Metering Standards:

Deimarva and Delaware Electric Cooperative (DEC) offer net metering to residential and small
commercial customers with renewable-energy systems up to 25 kilowatts (kW) in capacity, there is
no statewide limit on the aggregate capacity of net-metered systems.

ENERGY SITING PROCESS

Power Siting Autbority: Delaware’s utility grade wind power potential is primarily offshore, this
would likely fall under the jurisdiction of the Delaware Department of Natural Resources and
Environmental Control {(DNREC) through the Coastal Zone Act. Small wind power generation is
governed by local zoning ordinances.

Wind Specific Siting Authority? No

Role of State Fish & Wildlife Agency: Permits from Department of Natural Resources and
Environmental Control required for components of wind siting,

WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: No Guidance but DNREC has included a
recommendation in their State Wildlife Action Plan to work with industry to develop standards for
the siting of wind towers.
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FLORIDA

BACKGROUND

Contact: Julie Rowland, Legislative Affairs Office, Florida Fish & Wildlife Conservation
Commission, §50-487-3795, julie.rowland@MyFWC.com, 620 South Meridian Street, Tallahassee,
FL 32399-1600

Installed Utility Scale Wind Power: Nons

INCENTIVES FOR WIND DEVELOPMENT

Renewable Portfolio Standard: Florida does not have an RPS standard in place, but in July, 2007
Florida Govemnor Charlie Crist signed Executive Order 07-127, entitled “Immediate Actions to
Reduce Greenhouse Gas Emissions within Florida”. The executive order establishes reduction
targets for Greenhouse Gas emissions and requests that the Florida Public Service Commission
initiate rulemaking by September 1, 2007 to require that utilities produce at least 20% of their
electricity from renewable sources with a strong focus on solar and wind energy.

Incentives for Industrial or “Big Wind” Production:
Florida Renewable Energy Production Tax Credit is a corporate tax credit of $.01/kWh for
production of renewable energy (including wind) that is sold to an unrelated buyer.

Incentives for Residential and “Small Wind” Production: ‘

The Renewable Energy Technologies Grants Program provides renewable energy matching grants
for demonstration, commercialization, research, and development projects relating to renewable
energy technologies. Eligible recipients (must be in-state) include municipalities and county
governments; businesses; universities and colleges; utilities; not-for-profit organizations: and other
qualified entities; ranking criteria for grant awards includes availability of matching funds,
economic development potential, technical feasibility, innovation, long-term production potential,
and public visibility, among others.

Interconnection and Net Metering Standards:
Current interconnection and net-metering only applies to photovoltaic systems.

ENERGY SITING PROCESS

Power Siting Authority: There is not significant wind power potential at this time, so no current
regulations and local governments would most likely have jurisdiction for small scale projects.
Florida DEP, Siting Coordination Office has broad authorities for certification of power plants -
these are currently defined as traditional as well as solar power plants 75 MW or greater. Should
utility scale wind power opportunities increase, this would be the most likely authority.
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Wind Specific Siting Aunthority? No
Code or Regulations: The Power Plant Siting Act (PPSA), §§ 403.501-.518, F.S.

Role of State Fish & Wildlife Agency: Florida Fish & Wildlife Conservation Commission has
joint environmental review with Department of Environmental Protection for utility projects.

How are wildlife 1aws applied: Same as any other development project. The agency is authornized
to collect development-of-regional-impact wildlife mitigation contributions pursuant to §
372.074(2), Florida Statutes, which are directed to the purchase and management of lands important
to the conservation of fish and wildlife.

WILDLIFE GUIDELINES FOR WiIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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GEORGIA

BACKGROUND

Contact: Jim Ozier, Georgia DNR, (478) 994-1438, jim_ozier@dnr.state.ga.us, 116 Rum Creek
Drive, Forsyth, GA 21029

Installed Utility Scale Wind Power: None

INCENTIVES FOR WIND IDE VELOPMENT
Renewable Portfolio Standard: No

Incentives for Industrial or “Big Wind” Production:
None

Incentives for Residential and “Small Wind” Production:

TVA Green Power Switch Partners Program - $500 plus $.15/kWh (residential/small-commercial)
or $0.20/kWh (large commercial) to purchase entire production of renewable power including wind;
systerns must be 50 kW or less.

Interconnection and Net Metering Standards:

Georgia allows residential electricity customers with photovoltaic systems, wind-energy systems or
fuel cells with a maximum capacity of 10 kilowatts (KW}, and commercial facilities up to 100 kW,
to connect to the grid. A utility is not required to enroll customers beyond 0.2% of its peak load for
the previous year.

ENERGY SITING PROCESS

Power Siting Authority: Voluntary review of projects, local governments (through zoning
authority or county planning boards) have primary authority. Environmental regulations apply to
construction.

Wind Specific Siting Authority? No

Role of State Fish & Wildlife Agency: Department of Natural Resources has a memorandum of
understanding with environmental regulator for project review and will provide joint environmental
review. May be asked for integrated resource planning.

How are wildlife laws applied: Same as any other development project, State cannot require

mitigation.
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STATE ENVIRONMENTAL POLICY ACT

Georgia Environmental Policy Act -~ Official Code of Georgia Annotated, Ch. 12-16 (12-16-1 to 12-
16 23), Ch. 391-3-16, 1991

Overview:

The Georgia Environmental Policy Act {GEPA) requires that any proposed governmental action
which may “significantly adversely affect the quality of the environment”, including the state’s air,
water, land, plants, and animals, requires an Environmental Effects Report (EER). As outlined in
the Act, an Environmental Effects Report describes the environmental impact and any adverse
environmental effects of the action, alternative actions, mitigation measures proposed to avoid or
minimize impact, and other effects of the action.

Projects Affected by Law:

GEPA applies to state government agency actions, defined in the law to include any state agency
action or activity of a city or county whose cost is covered by more than 50 percent with funds from
a state government agency or is provided a grant of more than $250,000 by a state agency.

Public Participation Provisions:

At least 45 days before making the decision on the EER, the responsible official must publish in the
county where an action is to occur that an EER has been prepared; they must make the report
available to the public on request. GEPA allows the responsible official to hold a public hearing at
their discretion, however a public hearing is mandatory if at least 100 residents send a written
request for a meeting within 30 days of the publication of the EER.

Applicability to Wind Development?
Unlikely since Georgia does not currently have any state funding programs for wind energy
incentives.

Implementing Agency:
Department of Natural Resources

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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HAWAII

BACKGROUND

Contact: Pauyl Conry, Administrator, Division of Forestry and Wildlife, (808) 587-0166,
Paul.J.Conry@hawaii.gov

Installed Utility Scale Wind Power: 63 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - 20% by 2020

Incentives for Industrial or “Big Wind” Production:
Hawaii Energy Tax Credit - Commercial tax credit of 20% for installation costs of wind systems
(up to $500,000 for commercial property).

Incentives for Residential and “Small Wind” Production:
Hawaii Energy Tax Credit - Residential tax credit of 20% for installation costs of wind systems (up
to $1500 for single-family units or $200 each for multi-family units).

Interconnection and Net Metering Standards:

Hawaii has simplified interconnection net metering rules for residential and “small commercial’’
customers (including government entities) with solar, wind, biomass and hydroelectric systems up
to 50 kW in capacity. Net metering is available on a first-come, first-served basis fo eligible
customers until total net-metered capacity equals 0.5% of cach utility’s peak demand.

ENERGY SITING PROCESS

Power Siting Authority; Most wind facilities are currently small in scale and addressed by local
government through zoning. Facilities subject to standard environmental regulating.

Wind Specific Siting Authority? No

Role of State Fish & Wildlife Agency: Permits are required from Hawaii Department of Land and
Natural Resources. The State Department of Forestry and Wildlife (DOFAW) will provide general
comments to potential site data that can be used to plan renewable energy projects. Historically,
DOFAW reviews projects based on its environmental impacts to endangered flora and fauna since
most requests occur outside of its primary forestry and wildlife management responsibilities.
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STATE ENVIRONMENTAL POLICY ACT

Environmental Impact Statement law - Hawaii Revised Statutes, Ch. 343, Hawaii Administrative
Rules (HAR), Title 11, Ch. 200, 1974

Overview:

An environmental review document must be prepared for any proposed project or activity, if one or
more of nine specific conditions (called “triggers”) is present, and circulated to the public for
review. The environmental assessment {EA) is a written evaluation to determine whether the action
may have a significant effect on the environment. If the EA finds that the proposed action may have
a significant effect on the environment, then an environmental impact statement {EIS) must be
prepared. An EIS must, at a minimum, identify environmental concerns, obtain various relevant
data, conduct necessary studies, receive pubhc input, evaluate alternatives, and propose measures
for minimizing adverse impacts.

Projects Affected by Law:

The Environmental Impact Statement Law has 9 specific “triggers”. These include, projects that
propose the use of: state or county lands or funds; land in the conservation district; land in the
shoreline setback area; any historic site or district; or land in Waikiki must be subject to an
environmental review prior to its implementation. Also, any proposed reclassification of
conservation land; amendment to a county general plan, any new or expanded helicopter facility;
any new or expanded fossil-fueled power generating facility; certain types of facilities (waste-to-
energy facilities; landfills, etc.; power generating facilities are included in this list of actions) may
trigger an environmental review.

Public Participation Provisions:

The public has 30 days to review and comment on a draft environmental assessment; if there is a
finding of no significant impact, the public may challenge an agency’s determination within 30 days
of the notice of this finding by filing suit in circuit court. A draft EIS is subject to a 45 day review
by the public and government agencies after publication in The Environmental Notice of an
acceptance or non-acceptance determination of a final EIS by either the accepting authority or the
approving agency initiates a 60-day legal challenge period.

Applicability to Wind Development?
Yes, through the actions that list “power-generating facilities” as a trigger for the Enviromental
Impact Statement Law.

Implementing Agency:
Office of Environmental Quality Control

WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Guidelines for siting in Conservation District.
Hawaii Revised Statutes, Chapter 183C, Hawail Administrative Rules (HAR), Title 13, Subtitle 1,
Chapter 5, Conservation District. These are model zoning guidelines.
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Detailed Summary of Hawaii’s Model Zoning Guidelines

The model zoning langnage includes specific requirements for permits for
conservation district land use including construction of any structures
including wind energy facilities. The administrative rules require that the
applicant demonstrate that the proposed land use will not cause substantial
adverse impact to existing natural resources within the surrounding area,
Pre-construction community or region and this typically requires preparation of a draft
survey envirommental assessment or environmental impact statement. The
environmental assessment would identify and assess any potential impacts
on the natural environment including, but not limited to threatened and
endangered species, wetlands and other fragile ecosystems, historical and
cultural sites, and antiquities. Where appropriate, surveys for endangered
plants, bats, seabirds, and general avian use should be conducted.

Typically recommends that guide wires and lighting be minimized to avoid

Design/ Operat.ion light attraction and collision impacts to endangered bats, endangered birds,
Recommendations and seabirds.

Recommends that clearing of natural vegetation shall be limited to what is

Site Development necessary for the construction, operation and maintenance of the wind
Recommendations facility and all efforts should be taken to avoid impacts to endangered plant
species.

Where there are endangered and protected species, requires consultation
Consultation with with State Division of Forestry and Wildlife, and if applicable, receipt of a

wildlife agency, Habitat Conservation Plan or other take permits from State and U.S. Fish
USFWS and Wildlife Service (USFWS).

Mitigation Requires the applicant take appropriate measures to minimize, eliminate or
requirements mitigate adverse impacts to the environment, wildlife, threatened and

endangered species that are identified in the permit process.

Post-Construction/ | Can require applicant to conduct post construction and operational surveys
Operational Surveys | for take of any T&E listed species, and repost on mitigation efforts.

. . . he applicant is typically required to restore the site at the end of projec
Decommissioning Efe PP ypically requl t project
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IDAHO

BACKGROUND

Contact: Gregg Servheen, Wildlife Program Coordinator, Idaho Department of Fish and Game,
208-287-2713, gservheen@idfg.idaho.gov, 600 South Walnut, PO Box 25, Boise, ID 83707

Installed Utility Scale Wind Power: 75 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: No

Incentives for Industrial or “Big Wind” Production:

¢ Bonneville Environmental Foundation provides grants up to 33% of the capital costs for
installation of renewable energy, inchuding wind to local governments, non-profits and tribal
governments; emphasis is on large grid-connected projects.

» Renewable Energy Project Bond Program allows independent renewable energy producers to
apply for financing from the Idaho Energy Resources Authority, the state bonding autherity
created to finance the construction of electric generation and transmission projects by electric.

Incentives for Residential and “Small Wind” Production:

» Residential Alternative Energy Tax Deduction - income tax deduction for installation of
alternative energy (including wind) - 40% deduction for the cost of the system in the year it is
installed, 20% each year for three years thereafter; maximum deduction in any one year is $5,000
and a total maximum deduction of $20,000.

» Renewable Energy Equipment Sales Tax Refund - Purchasers of equipment used to develop a
renewable facility or a project capable of generating at least 25 kW of electricity can apply for a
refund of the sales tax from the Idaho Sales Tax Commission.

¢ [daho Department of Water Resources provides low-interest energy loans (4% over 5 years), can
include the instaliation of wind for residential or commercial purposes (up to $100,000); energy
produced can not be scld, renewable must be least-cost alternative.

o The Northwest Solar Cooperative (NWSC) offers to purchase the rights to the environmental
attributes or “Green Tags™ derived from grid-connected solar PV- or wind-generated electricity at
a rate of $0.05/kWh through December 31, 2009; systems up to 25 kW are automatically
approved; > 25 kW approved on case-by-case basis.

Interconnection and Net Metering Standards:

Idaho has not established uniform interconnection rales and procedures either for net-metered
systems or for larger distributed-generation (DG) systems that are not net-metered; net metering is
generally available to customers who generate electricity using a renewable-energy system up to 25
kilowatls (kW) in capacity. However, through their respective tariffs, each of the state’s three
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investor-owned utilities — Avista Utilities, Idaho Power and Rocky Mountain Power — has
established guidelines for the interconnection of small renewable-energy systems and larger DG.

ENERGY SITING PROCESS

Power Siting Authority: Wind power is currently unregulated at any level of government - local
zoning may impact siting but this is variable. State energy siting legislation has been proposed this
year but it may not pertain to wind project but rather only very large energy projects such as coal
fired and nuclear power plants.

Wind Specific Siting Authority? No

Role of State Fish & Wildlife Agency: Idaho Department of Fish & Game has no formal role in
the siting process.

How are wildlife laws applied: Same as any other development project, State cannot require
mitigation.

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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ILLINOIS

BACKGROUND

Contact: Todd Rettig, Manager, Division of Ecosystems and Environment, Iltinois Department of
Natural Resources, 217-557-0877, todd.rettig@illinois.gov, One Natural Resources Way,
Springfield, [L 62702

Installed Utility Scale Wind Power: 305 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - 25% by 2025, 75% of renewable energy must be from wind

Incentives for Industrial or “Big Wind"” Production:

» Illinois provides a property tax exemption for renewable energy systems for residential, industrial
or commercial use.

e The Illinois Department of Commerce and Economic Opportunity provides Wind Energy
Production Development grants of up to $25,000 for systems greater than .5 MW, non-profit,
schools, commercial, government, agricultural and institutional applicants are eligible.

Incentives for Residential and “Small Wind” Production:

e The Ilinois Clean Energy Community Foundation (ICECF) provides private, competitive grants
for developing renewable energy in schools, non-profits or local governments.

s [llinois provides a property tax exemption for renewable energy systems for residential, industrial
or commercial use,

e Illinois Department of Commerce and Economic Opportunity provides grants for small wind (1 to
50 kW) development up to 50% of cost up to $25,000; all sectors are eligible.

Interconnection and Net Metering Standards:

Commonwealth Edison (ComEd), an investor-owned utiiity serving Chicago and surrounding areas,
established mterconnection and net-metering for photovoltaic (PV) and wind-energy systems up to
40 kW. The program is available to all custormer classes. The total installed capacity of all net-
metered systems is limited to 0.1% of the utility's annnal peak demand.

ENERGY SITING PROCESS

Power Siting Anthority: There are no specific authorities for regulating siting at the State level.
Most projects would currently fall under the jurisdiction of local governments through county-level
zoning or building permits.

Wind Specific Siting Authority? No
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Role of State Fish & Wildlife Agency: Decisions to grant zoning changes and building permits is
subject to the Illinois Endangered Species Act (520 ILCS 10/1 — 11) and the Illinois Natural Areas
Preservation Act (525 ILCS 30/1-26). These two statutes set up a consultation process that involves
the Illinois Department of Natural Resources (IDNR) evaluating impacts to protected natural
resources and making recommendations (if necessary) to avoid or mitigate any adverse impacts.
Units of local government are not required to adopt any IDNR recommendations during their
zoning or permitting process. The consultation process is detailed in regulations at 17 T1l. Adm.
Code Part 1075.

How are wildlife laws applied: Same as any other development or utility project; State cannot
require mitigation unless threatened or endangered species are adversely affected.

WiLDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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INDIANA

BACKGROUND

Contact: Jon Eggen, Environmental Supervisor, DINR Division of Fish and Wildlife, (317) 233-
4666, jeggen@dnr.IN.gov

Installed Utility Scale Wind Power: None

_IQCENT IVES FOR WIND DEVELOPMENT
Renewahle Portfolio Standard: No

Incentives for Industrial and Residential Wind Production:

Renewable Energy Property Tax Exemption - all renewable energy systems, including wind, are
exempt from property taxes for years that the system is functioning; the entire renewable energy
system and affiliated equipment, including equipment for storage and distribution, are exempt.
Applies to commercial, industrial and residential sectors.

Interconnection and Net Metering Standards:

The Indiana Utility Regulatory Commission (IURC) has net-metering rules requiring the state’s
investor-owned utilities ({OUs) to offer net metering to residential customers and K-12 schools. The
rules, apply to solar, wind and hydroelectric projects with a maximum capacity of 10 kilowatts
(kW) with a limit on the aggregate amount of net-metering (nameplate) capacity to 0.1% of its most
recent summer peak load. Net-metered systems must comply with interconnection standards.

ENERGY SITING PROCESS

Power Siting Authority: Wind power facilities are regulated but only at the local level and siting
requirements vary by location.

Wind Specific Siting Authority? No

Role of State Fish & Wildlife Agency: Department of Natural Resources (DNR) provides
comments and recommendations if requested, but counties are under no obligation to seek input.

How are wildlife laws applied: Same as any other development project. DNR can require
mitigation under certain circumstances through regulations that apply to all construction projects
but are not specific to wind power. The Fiood Control Act regulates construction in a floodway and
allows for mitigation.
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STATE ENVIRONMENTAL POLICY ACT

Indiana Environmental Policy Act ~ Indiana Code Title 13, Art. 12 Ch. 4 (13-12-4-1 through -10),
329 Indiana Administrative Code (JAC) Art. 5, Rules 1

Overview:

All state agencies are required to do an environmental assesment (EA) to determine if an action will
have a significant impact on the environment. The EA must assess both primary and secondary
consequences of short term and long term duration as well as impacts of a complex of projects that
might have considerable cumulative impacts or projects that may be highly controversial. If the
impacts are found to “significantly affect the quality of the human environment,” a detailed report
on the environmental impact of a proposed action, listing adverse environmental effects which
cannot be avoided should the action be implemented, alternatives to the proposed action, any
irreversible and irretrievable comimitments of resources which would be involved, the growth-
inducing aspects of the proposed action, effects of the proposed action on the use and conservation
of energy resources, the rationale for selecting the final proposed action, and other information will
be required.

Projects Affected by Law:
Relates to state agency action or projects that are funded all or in part by the state - law specifically
states that projects requiring licenses or permits from state agencies are not required to do an EIS.

Public Participation Provisions: ,

Local, state, and federal agencies and the general public (deemed by the agency to have an interest
in the proposed action) have 30 days after the draft environmental impact statement is made publie
submit comments on the proposed action. After receipt of comments, the agency shall determine by
vote of the governing body whether or not to conduct a public hearing on the environmental impact
of the proposed action.

Applicability to Wind Development?
Unlikely since Indiana does not have any state funding programs for wind energy incentives.

Implementing Agency:
Indiana Department of Environmental Management

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: Draft gunidelines

Lead Agency on Guidelines: Department of Natural Resources, Environmental Section

Status of Wildlife Guidelines: Internal draft, not available to public yet, they will be voluntary.
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IOWA

BACKGROUND

Contact: Douglas C. Harr, Wildlife Diversity Program Coordinator Iowa Dept. of Natural
Resources, Doug. Harr@dnr.iowa,gov

Installed Utility Scale Wind Power: 967 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes- 105 MW

" Incentives for Industrial or “Big Wind” Production:

e lowa has two Renewable Energy Production Tax Credits that can be applied to wind energy
facilities that have been approved by the lowa Utilities Board. First under lowa Code § 476C is
a production tax credit of 1.5¢ per kilowatt-hour available for energy generated and sold by
eligible wind energy generators and other renewable energy facilities for 10 years after they enter
into production - there are specific ownership eligibility requirements for this credit, and the
maximum total amount of wind generating capacity eligible for this credit is 180 megawatts
(MW). Second, under lowa Code § 476B, a production tax credit of 1.0¢ per kilowatt-hour is
available for electricity generated and sold by eligible wind energy facilities for 10 years after
they enter into production, there are no specific ownership or capacity criteria for individual
projects; however, facility owners may not own more than two eligible facilities, and must have
an executed power purchase agreement or interconnection agreement, and this credit 1s not
available to facility owners who have received the state's property tax exemption for renewable
energy systems, the local option special assessment of wind energy devices, or the sales tax
exemption for wind energy equipment. The maximum total amount of generating capacity
eligible for the credit is 450 MW,

+ JTowa’s Energy Replacement Generation Tax Exemption allows wind energy conversion
properties to be exempt from the state’s replacement generation tax of 0.06 cents (30.0006) per
kWh (the tax imposed in lieu of property tax).

e Towa’s Local Option Special Assessment of Wind Energy Devices allows any city or county to
pass an ordinance assessing wind energy conversion equipment at a special valuation for property
tax purposes, beginning at 0% of the net acquisition cost in the first assessment year and
increasing annually by five percentage points to a maximum of 30% of the net acquisition cost in
the 7th and succeeding years.

o In Towa, the market value added to a property by a solar or wind energy system is exempt from
the state’s property tax; there is no maximum limit on the size of the system. lowa also exempts
from the state sales tax the total cost of wind energy equipment and all materials used to
manufacture, install or construct wind energy sysiems.

* The Alternate Energy Revolving Loan Program (AERLP) provides low-interest loan funds, 50%
of the total loan at 0% interest, with a maximum of $250,000, to individuals and organizations
that seek to build renewable energy production facilities in Iowa.
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Incentives for Residential and “Small Wind” Production:

* Residential and small wind producers in Jowa are also eligible for the Renewable Energy
Production Tax Credits, the Local Option Special Assessment of Wind Energy Devices, the
Alternate Energy Revolving Loan Program described above.

* In lowa, the market value added to a property by a solar or wind energy system is exempt from
the state’s property tax; there is no maximum limit on the size of the system. Iowa also exempts
from the state sales tax the total cost of wind energy equipment and all materials used to
manufacture, install or construct wind energy systems.

* lowa’s Energy Bank Program provides financing for public and some non-profit organizations for
energy analysis and energy improvements that will pay for themselves within their useful lives;
financing is available via a pre-arranged, low-interest capital loan note or lease purchase-
agreement with a local or regional investment bank.

* Independence Light & Power provides a Renewable Energy Rebate, customers with qualifying
wind-energy systems rated 20 kW or less will receive a rebate equal to 25% of the system’s cost,
with a maximum incentive of $10,000; customers may also receive a rebate for 75% (up to $375)
for a renewable energy site assessment and 50% rebate (up to $2,500) for both routine
maintenance, as well as major system repairs.

Interconnection and Net Metering Standards:

Iowa allows net metering (generally up to 500 kW) for renewable-energy systems, but no uniform
Interconnection standards are currently in place either for small renewables or for larger distributed
generation.

ENERGY SITING PROCESS

Power Siting Authority: In Jowa, zoning and permitting is handled on a county and/or city level.
Each county or city may have different guidelines and application procedures to follow. The lowa
Department of Natural Resources (IDNR) has developed a Wind Energy Checklist for small-scale
wind turbine project in Iowa. (hitp:/www.iowadnr.com/energy/renewable/files/windchecklist pdf).
The Iowa Utilities Board provides a certificate of public convenience, use, and necessity for electric
power generating plant or a combination of plants at a single site, owned by any person, with a total
capacity of 25 MW of electricity or more. However it has been argued successfully that wind does
not always have to go through the Board since it is typically individual generating units connecting
to several different lines. Exemptions have been authorized in part because wind is a renewable
energy source that the Board has been required to promote.

. Wind Specific Siting Authority? No

Code or Regulations: Iowa Code §§ 476A.11t0 19

Role of State Fish & Wildlife Agency: All projects are reviewed and subject to environmental
regulation by the Department of Natural Resources (DNR). The Utilities Board often defers to the

DNR on environmental 2nd land use factors. Counties are not required to consult with DNR. DNR
is monitoring wind farms for avian mortality.
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WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Wind Energy and Wildlife Resource Management in
lowa - Avoiding Potential Conflicts, Final. The DNR has also developed a map of “Areas of
Concem for Wind Farm Sitings” that highlights protected natural resource and wildlife areas where
developers may want to take extra precautions when developing wind farms.

Lead Agency on Guidelines: Jowa Department of Natural Resources
Status of Wildlife Guidelines: Final - October 2007

Summary of Guidelines: The guidelines were developed from a variety of sources including the
U.S. Fish & Wildlife Service Interim Guidelines for siting and construction of wind energy
facilities, and recommendations from the National Wind Coordinating Committee. Guidelines
recommend that a site study plan and description of turbine structural and lighting design be
submitted to Jowa IINR well in advance of final siting decisions, for review by staff wildlife experts
and advisements on acceptability or suggestions for modifications and/or monitoring. A baseline
inventory of wildlife and evaluation of habitat should be considered for every site under serious
consideration for windfarm development. Special attention should be paid to Spring and Fall
migration seasons, reviewing migrational use of the proposed site by raptors, waterfowl, shorebirds,
gulls, songbirds and bats. Upon completion and startup of wind energy generation, monitoring
wildlife popuiations and migrations should be conducted for at least 2-3 years.

Web site for Guidelines: http:/www.lowadnr.com/energv/wind/windwildlife. html

Detailed Summary of Iowa’s Voluntary Guidelines

A baseline inventory of wildlife and evaluation of habitat should be
considered for every site under serious consideration for windfarm
Pre-construction development. Special attention should be paid to Spring and Fall migration
survey seasons, reviewing migrational use of the proposed site by raptors,
waterfowl, shorebirds, gulls, songbirds and bats.

Guidelines recommend using tubular support towers with pointed tops,
rather than lattice supports, and avoiding placement of permanent extermal
ladders or platforms on tubular towers to reduce opportunities for birds to
perch or nest upon the structures. Avoid use of guy wires for turbine or
meteorological tower supports. Any existing guy wires should be marked
with recommended bird deterrent devices. The minimum amount of pilot
wamning and avoidance lighting necessary should be used, and unless
otherwise required by the Federal Aviation Administration, only white
strobe lights should be used at night. Electric power lines should be placed
underground wherever possible, or should utilize insulated, shielded wire
when placed above ground, in order to reduce bird perching and
electrocution. Where the height of rotor-sweep area produces high wildlife
collision risks, tower heights should be adjusted to lower risks.

Design/Operation
Recommendations
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Recommends using map of lowa, denoting areas of particular concern for
possible adverse effects by wind turbines upon wildlife and habitat
developed by DNR. Avoid placing turbines in areas known to have
federally protected threatened or endangered species. Avoid placing
turbines in or near recognized bird concentration areas or migration
pathways. Avoid placement of turbines in or near areas where highly “area-
sensitive” wildlife species, such as prairie-chickens (recommends at least 5
miles from known leks) are known. Avoid placing turbines near
documented bat hibemation, breeding or nursery colonies and in migration
corridors or between known colonies and feeding areas. Avoid placement of
multiple turbines in close proximity to one another or perpendicular to
known migration pathways (typically north-south); consider possible
cumulative regional effects of multiple wind energy projects. Reduce or
eliminate availability of carrion within wind farms, to reduce chances of
attracting cagles, vultures and other raptors colliding with turbine blades.
Place wind turbines in areas already fully developed for agriculture,
especially row-crop farming, where there is minimal extant wildlife habitat,

Site Development
Recommendations

Recommends submitting a site study plan and description of turbine
structural and lighting design to [owa DNR well in advance of final siting
Consultation with decisions, for review by staff wildlife experts and advisements on
wildlife agency, acceptability or suggestions for modifications and/or monitoring.

USFWS Recommends contacting the lowa Department of Natural Resources
Endangered Species Coordinator or Wildlife Bureau staff for areas known
to have federally protected endangered species

If wildlife habitat losses or fragmentation must be mitigated, develop a plan
Mitigation to create or restore habitat away from the wind farm site. This will serve to
requirements attract birds, bats and other wildlife away from the development and reduce
collisions. Wherever possible, coordinate habitat mitigation sites with other
public or private wildlife lands, to connect, enlarge or enhance those areas.

Upon completion and startup of wind energy generation, monitoring
wildlife populations and migrations should be conducted for at }east 2-3
years. If wind turbine facilities absolutely must be located in areas known
Post-Construction/ | for high seasonal concentration of birds, a bird monitoring program must be
Operational Surveys | established, with at least three years of data collected to determine peak use
periods. Data may be collected by direct observation, radar, infrared or
acoustic methods. When birds are highly concentrated in or near the site,
turbines should be shut down until birds have dispersed.

Decommissioning None
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KANSAS

BACKGROUND
Contact: Jim Hays, Kansas Department of Wildlife and Parks, jamesh@wp.state ks.us

Installed Utility Scale Wind Power: 364 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: No

Incentives for Industrial and Residential Wind Production:
Kansas has a Renewable Energy Production Tax Credit that exempts renewable energy equipment
(including wind) from property taxes for both commercial and residential facilities.

Interconnection and Net Metering Standards:
No net-metering/interconnection standards.

ENERGY SITING PROCESS

Power Siting Authority: The aunthority to regulate land use in Kansas is under the purview of local
governments through the state’s planning and zoning stamtes. Wind energy siting and permitting
requirements vary from county to county based largely on whether or not a county is zoned.
Currently, statewide regulations for siting wind projects do not exist. Kansas Energy Council
provides coordination with counties and the Kansas Renewable Energy Working Group has
developed siting guidelines to assist the counties’ in their planning efforts.

Wind Specific Siting Authority? No
Code or Regulations: Planning & Zoning Statutes: (K.S.A. 12-741 et seq.)

Role of State Fish & Wildlife Agency: The guidelines suggest that counties have developers
contact the Kansas Department of Wildlife and Parks to outline potential impacts to wildlife and
habitat.

WiLDLIFE GUIDELINES FOR WIND

wildlife Guidelines for Wind Power Siting: Kansas Department of Wildlife and Parks has a
position statement on wind projects. In addition, the Kansas Energy Council has developed a Wind
Energy Siting Handbook, and the Kansas Renewable Energy Working Group has developed
guidelines.

Wind Power Siting, Incentives and Wildlife Guidelines in the United States, Page 42



Lead Agency on Guidelines: Kansas Department of Wildlife and Parks, Kansas Renewable Energy
" Working Group, Kansas Energy Council

Status of Wildlife Guidelines: Final - April 2005

Summary of Guidelines: Wind Siting Handbook provides voluntary guidelines on all aspects of
wind power siting based on existing regulations in four counties (land use regulation is solely under
the purview of local govermnment in Kansas) and recommends requiring environmental assessment
1n siting decisions. Recommends developers contact appropriate agencies to assess impacts to
potentially sensitive land uses and encourages avoidance of rare or disappearing ecosystems.
Outlines biological and environmental assessment prior to development (encourages use of
biological and environmental expetts, including agency or university personmel, Recommends
requiring resource management agency be contacted early in process and careful review of legally
protected species’ use of area. Provides specific recommendations including burying power lines,
minimizing perching areas on furbines and siting away from known migratory routes. Qutlines
mitigation options for unavoidable impacts which may include scological restoration, conservation
easements, and long-term management agreements.

Web site for Guidelines: Kansas Wind Position Statement: (www.kdwp.state ks.us search for
“wind power’ - see ‘wind power position’)

The Kansas Department of Wildlife and Parks Wind Power Position Staternent:

1) That wind power facilities should be sited on previously altered landscapes, such as areas of
extensive cultivation or urban and industrial development, and away from extensive areas of
intact native prairie, important wildlife migration cotridors, and migration staging areas.

2) To recommend adherence to the siting gnidelines for wind power projects Siting Guidelines
for Windpower Projects in Kansas produced by the Kansas Renewable Energy Working
Group (www.kansasenergy.org/Kansas Siting Guidelines. PDF).

3) To support the study of and establishment of standards for adequate inventory of plant and
animal communities before wind development sites are selected, during construction, and
after development is completed (Manes et al., in review). The resultant improvement in
available knowledge of wind power and wildlife interactions obtained through research and
monitoring should be used to periedically update guidelines regarding the siting of wind
power facilities.

4) That mitigation is appropriate only if significant ecological harm from wind power facilities
cannot be adequately addressed through proper siting.

5) To support the establishment of processes to ensure a comprehensive and consistent method
in addressing proposed wind power developments.

6) To advocate the direct coupling of energy conservation and efficiency programs with any
new measures aimed at increasing energy supply whether renewable or conventional.
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Kansas Wind Siting Guidelines:
http://www.naseo.org/energy sectors/wind/kansas siting guidelines.pdf;

Detailed Summary of Kansas’ Voluntary Guidelines

Pre~construction
survey

Guidelines from the Kansas Renewable Energy Working Group focus on
broad aspects of wind development including natural/biological
considerations. Recommends that developers consider the biological setting
early in the project evaluation and planning process and to use biological
and environmental experts to conduct preliminary reconnaissance of the
prospective site. Landscape-level examinations of key wildlife habitats,
migration corridors, staging/concentration areas, and breeding and brood-
rearing areas should be used to develop general siting strategies.
Recommends careful review of rare, threatened or endangered species as
we)] as those species that may not have special protection but are in decline.
Recommends considering cumulative regional impacts of multiple wind
farm developments when making envirommental assessments and mitigation
decisions.

Design/Operation
Recommendations

Design recommendations include not allowing perching areas on nacelles of
furbines and towers should not be lattice-type or other designs that allow
perching. Recommends addressing potential adverse effects of waming
lights on migrating birds.

Site Development
Recommendations

Guidelines recommend focusing on areas where native vegetation is scarce
or absent and avoiding native, unfragmented areas in tallgrass, sandsage,
mixed grass and short grass habitats, Power lines should be buried, when
feasible, and roads and fences should be minimized. In areas where periodic
grassland burning is practiced, infrastructure should be built to withstand
fire. Turbines should be situated so they do not interfere with important
wildlife movement corridors or staging areas. Avoid siting on steep slopes
to avoid erosion and try to construct during winter or when soils are dry and
native vegetation is dormant.

Consultation with

Recommends contacting the appropriate resource management agencics

wildlife agency, early in the process to determine if there are any resources of special
USFWS concern in the area under consideration.

When it is impossible to avoid significant ecological damage from wind
Mitigation siting, recomimends mitigation for lost habitat including ecological
requirements restoration, long-term management agreements, and conservation easements

to enhance or protect sites with similar or higher ecological quality to the
developed site.
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Post-Construction/

Operational Surveys | N°D®

Recommends anticipating and making provisions for future site

Decommissioning oo .
ecom = decommissioning and restoration.

Kansas Model Zoning: http://www kansasenergy.org/KEC/documents/wind_siting_handbook.pdf

Detailed Summary of Kansas Model Zoning Guidelines

Provides voluntary guidelines on all aspects of wind power siting based on
existing regulations in four counties (land use regulation is solely under the
purview of local government in Kansas) and recommends requiring
environmental assessment in siting decisions. Recommends considering the
biological setting during zoning or approval process and encourages the use
of biological and environmental experts to conduct preliminary
reconnaissance of the prospective site area. Recommends requiring careful
review if legally protected wildlife, such as threatened and endangered
species, are present or potentially present at a wind development site and to
recognize that other seriously declining or vulperable species that have no
legal protection may also be present.

Pre-construction
survey

No perches should be allowed on the nacelles (the enclosure located at the
top of a wind turbine tower that houses the gearbox, generator, and other
Design/Oper at_ion equipment); towers should not utilize lattice-type construction or other
Recommendations designs that provide perches for avian predators. Potential adverse effects of
turbine warning lights on migrating birds should be addressed.

Suggests discouraging development in large, intact areas of native
vegetation. Power lines should be buried when feasible. In regions where
Site Development grassland burning is practiced, infrastructure should be able to withstand
Recommendations periodic burning of vegetation. Roads and fences should be minimized.
Turbines should be situated in a way that does not interfere with important
wildlife or livestock movement corridors and staging areas.

Consultation with Recomimends requiring that the appropriate resource management agencies
wildlife agency, be contacted early in the planning process to determine if there are any
USFWS resources of special concern in the area under consideration.
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When it is impossible to avoid significant ecological damage in the siting of
Mitigation a wind power facility, mitigation for habitat loss should be considered.
requirements Appropriate actions may include ecological restoration, long-term
management agreements, and conservation easements to enhance or protect
sites with similar or higher ecological quality to that of the developed site.

Post-Construction/

Operational Surveys None

Recommends anticipating and requiring provisions for fiture site
decommissioning and restoration. A decomrmnissioning and reclamation
Decommissioning plan should include: when and under what circumstances decommissioning
and reclamation occurs; the expected end of the project life; and how the
decommissioning and reclamation plan is secured (e.g. bonds, contract).

Wind Power Stting, Incentives and Wildlife Guidelines in the United States, Page 46



KENTUCKY

Contact: James Bush, Division of Renewable Energy & Energy Efficiency, (502) 564-7192.
James.Bush@ky.gov, 500 Mero Street, 12th Floor, Capital Plaza Tower, Frankfort, KY 40601

Installed Utility Scale Wind Power: None

INCENTIVES FOR WIND J_D_E VELOPMENT
Renewable Portfolio Standard: No

Incentives for Industrial or “Big Wind” Production:
None

Incentives for Residential and “Small Wind” Production:

TVA Green Power Switch Partners Program - $500 plus $.15/kWh (residential/small-commercial)
or $0.20/kWh (large commercial) to purchase entire production of renewable power including wind;
systems must be 50 kW or less.

Interconnection and Net Metering Standards:
Current net-metering rules only apply to photovoltaic systems.

ENERGY SITING PROCESS

Power Siting Authority: In general, Kentucky has low wind speeds and therefore limited wind
energy potential. Most likely development would be for individual use which would be regulated
by local zoning. If there were utility grade wind power developments, the Kentucky State Board on
Electric Generation and Transmission Siting (Siting Board) or the Public Services Commission
would likely have authority. The Siting Board reviews generating facilities that sell power on the
wholesale market and are commonly known as merchant power plants, Siting Board approval is
required for merchant plants with a generating capacity of 10 MW or more.

Wind Specific Siting Aunthority? No
Code or Regulations: KRS 278.700 to 278.716

Roie of State Fish & Wildlife Agency: The Secretary of the Environment and Public Protection
Cabinet is one of 7 members of the Siting Board. Siting board review covers environmental matters
not covered by permits issued by the Kentucky Department for Environmental Protection. The
Department issues permits for air emissions, water withdrawals and discharges and solid waste
disposal. The Siting Board review covers matters such as noise and visual impacts, among others.

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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LOUISIANA

BACKGROUND

Contact: Erik Baka, Biologist Manager, LA Dept. of Wildlife and Fisheries, Avian Nongame
Program, (225) 765-2359, ebaka@wlf.louisiana.gov, PO Box 98000 Baton Rouge, LA 70893-9000

Installed Utility Scale Wind Power: Nong

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: No

Incentives for Industrial or “Big Wind” Production:
None

Incentives for Residential and “Small Wind” Production: -
None

Interconnection and Net Metering Standards:
Net-metering program that allows interconnection of residential renewable systems up to 25 kW
and nonresidential systems up to 100 kW.

ENERGY SITING PROCESS

Power Siting Authority: Onshore wind power generation is very limited in Louisiana. Offshore
development has more potential in Louisiana and possible siting might be on abandoned oil and gas
platforms. This development would likely be regulated through Coastal Zone Management Act or
Coastal Use Permits implemented by the LA Department of Natural Resources.

Wind Specitic Siting Authority? No

Role of State Fish & Wildlife Agency: LA Dept. of Fisheries and Wildlife is in negotiations to
have joint environmental review but this is not finalized yet. '

How are wildlife [aws applied: Same as any other utility project, State can require nutigation

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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MAINE

BACKGROUND

Contact: Tom Hodgman, Wildlife Biologist, MDIFW - Bird Group, (207) 941-4482,
tom.hodgman@maine.gov, 650 State St., Bangor, ME 04401

Installed Utility Scale Wind Power: 42 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - 10% new renewable energy capacity by 2017

Incentives for Industrial or Residential Wind Production:

Maine’s Renewable Resources Matching Fund (RRMF), provides matching grants for renewable
energy demonstration projects by non-profit organizations, as well as research and development of
renewable energy technology; provides 50% of cost up to $50,000 for projects less than 100 MW

Interconnection and Net Metering Standards:
Net metering is available to owners of qualified cogeneration and small power-production facilities
with a maximum capacity of 100 kW,

ENERGY SITING PROCESS

Power Siting Authority: The Department of Environmental Protection regulates the construction
of large structures and developments with a footprint exceeding 20 acres through “Site Law™.

Wind Specific Siting Authority? No
Code or Regulations: Maine Site Law - Title 38, Chapter 3, §§ 481-490

Role of State Fish & Wildlife Agency: Department of Inland Fisheries & Wildlife (DIFW) is
specifically responsible for Threatened and Endangered species impacts. DIFW has joint
environmental review with Department of Environmental Protection (DEP) and Land Use
Regulatory Committee (for projects in state’s unorganized territories) and advises regulatory agency
on issues regarding the fish and wildlife resource.

How are wildlife laws applied: Projects that exceed a certain threshold for size (i.e., footprint) or
occur in regulated habitats trigger review. Review includes occurrence of rare, threatened or
endangered species and an assessment that the proposed development does not adversely impact
Fish and wildlife life cycles. Biological review can overrule other factors and prevent permit
issuance. DEP provides a specific guidance on factors considered during wind power development

at: http://www.maine.gov/dep/blwg/docstand/windpower.pdf. State has the authority to require

mitigation.
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WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: Proposed Guidelines

Status of Wildlife Guidelines: Stakeholders group is in preliminary stages of drafting guidelines.

Summary of Guidelines: Department of Inland Fisheries & Wildlife typically asks for studies of
bird migration including radar studies of night migrants and daytime counts of raptors. Radar and
acoustic surveys for migrating bats. If appropriate, surveys for rare small mammals have been

conducted. Rare community and rare plant surveys are commonly conducted as well as full work

up for wetlands.
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MARYLAND

BACKGROUND

Contact: Gwen Brewer, Science Program Manager, MD Department of Natural Resources, (410)
260-8558, gbrewer@dnr.state.md.us, or John Sherwell, Power Plant Research Program, (410-260-
8667), jsherwell@dnr.state.md.us

Installed Utility Scale Wind Power: A 40 MW project has been permitted, 2 others are in the
permitting process.

INCENTIVES FOR WIND DEVELOPMENT

Renewable Portfolio Standard: Yes - Yes - Tier 1: 9.5% in 2022 and beyond; Tier 2: 2.5% in
2006 through 20138; A supplier receives 120% credit toward meeting its Tier 1 obligations through
RECs associated with wind energy through December 31, 2005. Beginning in 2006 and through
2008, a 110% credit is in effect.

Incentives for Industrial or “Big Wind” Production:

The Maryland Energy Administration offers a Clean Energy Production Tax Credit of 0.85
cents’kWh against the state income tax, for a five-year period, for electricity generated by wind and
other eligible renewable energy sources; the maximum amount of credit over five years is $2.5
million and all credits statewide may not exceed $25 million each year; if credit exceeds tax, the
credit may be carried forward for up to 10 years.

Incentives for Residential and “Small Wind” Production:

» The MEA Clean Energy Production Tax Credit described above applies to residential and small
wind production as well,

» The Montgomery County Clean Energy Rewards program provides incentives to Montgomery
County residents (credit of $.01/kWh), businesses, non-profits, and congregations (credit of
$.015/kWh for non-residential) for purchasing clean energy through certified suppliers; allowable
project costs may not exceed $120/sq. ft. (whole/base building), $60/sq. ft. (tenant space).

* The State Agency Loan Program (SALP}) is a revolving loan program through the Maryland
Energy Administration to state agencies for cost-effective energy efficiency improvements in
state facilities including installation of renewable energy systems (including wind).

Interconnection and Net Metering Standards:
Net metering is available in Maryland to systems up to 2 MW until the aggregate capacity of all net-
metered systems reaches 1,500 MW,

ENERGY SITING PROCESS

Power Siting Authority: Public Service Commission issues a Certificate of Public Convenience
and Necessity (CPCN)for construction of electricity generating facilities. Wind developments were

Wind Power Siting, Incentives and Wildlife Guidelines in the United States, Page 51



previously included in this process however, legislation enacted in 2007 exempts wind
developments 70 MW or below from CPCN process.

Wind Specific Siting Authority? Only if a wind development will exceed 70 MW.

Code or Regulations: Siting Authority: Public Utility Companies Article, §§2-121 and 7-205—7-
208, Annotated Code of Maryland; Environmental Requirements: COMAR 20.79.03.02

Role of State Fish & Wildlife Agency: Department of Natural Resources (DNR) is one of the eight
State agencies that is an intervener on the application for a CPCN; DNR contributes conditions for
operation and siting.

How are wildlife laws applied: Currently same as any other utility project. State endangered
species law instructs other state agencies to avoid impacts for listed species. Under the Power Plant
Siting Law, more specific mitigation is described.

STATE ENVIRONMENTAL POLICY ACT

Maryland Environmental Policy Act - Annotated Code of Maryland, Natural Resources Title,
Subtitle 3, §§ 1-301 to 1-305, State departments have developed their own reguiations (e.g. Dept. of
Transportation is COMAR 11.01.08.01 to .08), no specific guidelines in DNR title, 1974

Overview:

State actions are first required to fill out an Environmental Assessment Form to determine if the
project may have a significant impact on the environment, if yes they must prepare an
Environmental Effects Report. Any proposed State action significantly affecting the quality of the
environment requires an environmental effects report including, but not limited to, a discussion of:
The effects of the proposed action on the environment, including adverse and beneficial
environmental effects that are reasonably likely if the proposal is implemented or if it is not
implemented; Measures that might be taken to minimize potential adverse environmental effects
and maximize potential beneficial environmental effects, including monitoring, maintenance,
replacement, operatior, and other follow-up activities; and Reasonable alternatives to the proposed
action that might have less adverse environmental effects or greater beneficial environmental
effects, including the alternative of no action.

Projects Affected by Law:
Applies to significant state actions by state agencies or entities as well as projects funded by state
noney.

Public Participation Provisions:

Agencies are recommended to solicit public input based on the public notice provisions of § 10-112
of the State Government Article, but no specific requirements for public input or timelines for input
are listed.

Applicability to Wind Development?

Only if wind project is receives state funding (the state does have incentives for wind power
development)} or it is on state land.
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Implementing Agency:
Department of Natural Resources

WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Maryland has drafted guidelines that would be
mandatory as part of power siting regulations if enacted, however a law passed in early 2007
exempts wind power developments up to 70 MW from the Public Service Commission (PSC)
process and it has not yet been determined whether or not the guidelines will still be applicable.

Lead Agency on Guidelines: Technical Advisory Group including representatives from DNR,
university, federal agency, conservation organization and industry.

Status of Wildlife Guidelines: Awaiting approval by PSC, unclear if they will be approved now
and would only affect projects greater than 70 MW,

Summary of Guidelines: The guidelines are comprehensive for pre-siting evaluation, design and
construction recommendations, lighting issues, etc. The applicant is required to get an
Environmental Review from the State’s Wildlife and Heritage Service to assess species and habitats
of concemn. A consultation with DNR Natnral Heritage biologists is required to minimize seasonal
(e.g. avian and bat breeding seasons) disturbance during construction and to outline pre-
construction studies (one year of monitoring, additional monitoring of species of special concern)
that must be undertaken. Studies will continue during development and the developer is required to
do three years of monitoring post-construction. Impacts should be avoided or minimized before
seeking mitigation; the guidelines outline mitigation options and adaptive management for
unforeseen impacts.

Web site for Guidelines: hitp./www.psc.state.md.us/psc/index.htm; Admin Docket RM24
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MASSACHUSETTS

BACKGROUND
Contact: Department of Energy Resources, (617) 727-4732, DOER Energy@State. MA US,

Instalfed Utility Scale Wind Power: 4 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - 4% by 2009 + 1% annual increase

Incentives for Industrial or “Big Wind” Production:

e Massachusetts offers a corporate or personal excise tax deduction for any income received from
the sale of a patent or royalty income from a patent deemed beneficial for energy conservation or
alternative energy development.

« The Excise Tax Deduction for Solar or Wind-Powered Systems allows businesses to deduct from
net income, for state excise tax purposes, the costs incurred from the installation of any solar or
wind powered heating/cooling system.

e The Massachusetis Technology Collaborative (MTC), as administrator of the state’s Renewable
Energy Trust Fund, offers loans between $500,000 and $3 million to companies that currently, or
plan to, manufacture renewable energy technology products (new products, existing products or a
combination of the two) in Massachusetts; the MTC will provide up to 50% of capital expenses
and related spending over a 24-month window; at most 75% of funding can come from public
sources, including equity, debt or grant.

¢ The MTC Clean Energy Pre-Development Financing Initiative offers grants and loans to support
the development of grid-connected renewable energy systems (including wind) in any of the 6
New England states; funding is available for feasibility studies (up to $50,000) and for pre-
development activities (up to $250,000 for wind), minimum cost-share for each project is 25%;
wind systems must be at least 3 MW.

e The MTC matches funds generated by the Clean Energy Choice program (Massachusetts electric
customers can choose to pay an additional premium each month to support green power} up to
$2.5 million annually in matching grants (up to one dollar in funding for each dollar residents
spend on ¢lean energy) for communities, towns and cities to fund clean energy projects within
their communities.

Incentives for Residential and “Small Wind” Production:

¢ The Renewable Energy State Income Tax Credit provides a 15% credit against the state income
tax for the cost of a renewable-energy system (including installation) installed on an individual’s
primary residence up to $1,000; the credit may be carried over if the credit is greater than income
fax liability in one year.

» The Renewable Energy Property Tax Exemption allows solar and wind powered devices used as
a primary or auxiliary power system for a taxable property qualify for property tax exemptions for
a period of 20 years from the date of installation.
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» The Renewable Energy Equipment Sales Tax Exemption exempts solar, wind, and heat pump
systems and all related equipment from the state sales tax.

¢ The MTC Large Onsite Renewables Initiative (LORI) provides Feasibility Study Grants (up to
$40,000 with cost-share of 15%) and Design & Construction Grants (up to $400,000 or 75% of
actual costs) on a competitive basis for grid-tied renewable-energy projects greater than 10 kW in
capacity that are located at commercial, industrial, institutional and public facilities that will
consume more than 25% of the renewable energy generated by the project on-site.

* MassHousing’s Green Affordable Housing Development Program provides feasibility and design
grants (up to $30,000 for feasibility; up to $50,000 for design) and grants or loans for
construction (up to $500,000) to promote the construction of renewable energy generation
systems, including 100 kW or more wind systems, in affordable housing developments financed
by MassHousing or the Affordable Housing Trust Fund.

s The MTC Small Renewables Initiative offers rebates of up to $50,000 for design & construction
of customer-sited renewable energy projects (including $2.25 per watt for wind electric systems),
with a goal of supporting the installation of 400 - 500 systems statewide; projects must be located
at residential (will only fund up to 3.6 kW for residential systems), commercial, industrial, or
institutional facilities (will only fund up to 10 kW for non-residential systems) that are connected
to one of the investor-owned eleciric distribution utilities in Massachusetts

Interconnection and Net Metering Standards:
Massachusetts’ investor-owned utilities must offer net metering up to a maximum individual system
capacity of 60 kW.

ENERGY SITING PROCESS

Power Siting Authority: Energy Facilities Siting Board regulates construction of power plants
greater than 100 MW - none of Massachusetts current wind power plants would fall under this
category. Smaller projects are dealt with through zoning and ordinances of cities and towns. State
has developed model zoning by-laws that municipalities can enact. Offshore wind development has
much greater potential in Massachusetts,

Wind Specific Siting Authority? No

Code or Regulations: Regulatory Authority for Siting Board: 980 CMR 2.00: M.G.L. ¢, 164, §
65H '

Ruole of State Fish & Wildlife Agency: The Secretary of the Executive Office of Environmental
Affairs is one of nine members of the Siting Board. Numerous agencies, including the
Massachusetts Natural Heritage and Endangered Species program and the Department of
Environmental Protection, may regulate components of the project (wetlands concerns, species
coficerns, etc.) no matter what government unit has final say in the project.

How are wildlife laws applied: Same as any development project.
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STATE ENVIRONMENTAL POLICY ACT

Massachusetts Environmental Policy Act - Mass. General Laws, Title II1, Ch. 30, §§61, 62-62H,
301 CMR 11.00, 1977

Overview:

A project is subject to Massachusetts Environmental Policy Act (MEPA) jurnisdiction when it either
meets or exceeds one or more review thresholds {a specific list of categories of Projects or aspects
thereof of a nature, size or location that are likely, directly or indirectly, to cause damage to the
environment) or the Secretary requires fail-safe review (if there is a petition by one or more
Agencies or ten or more Persons, or at the initiative of the Secretary). The process begins with an
Environmental Notification Form (ENF) that includes a concise but accurate description of the
Project and its alternatives, identify any review thresholds the Project may meet or exceed and any
Agency Action it may require, present the Proponent’s initial assessment of potential environmental
impacts, propose mitigation measures, and may include a proposed Scope. The The full
Environmental Impact Report (EIR) requires a stand-alone description of the nature and extent of
the proposed project and its environmental impact; all measures being utilized to minimize
environmental damage; any adverse short-term and long-term environmental consequences which
cannot be avoided should the project be undertaken; and reasonable alternatives to the proposed
project and their environmental consequences.

Projects Affected by Law:

MEPA applies to a Project undertaken by an Agency; Agency actions include granting state permits
or licenses, providing state financial assistance, or transfetring state land. MEPA does not apply to
projects needing only local approvals.

Public Participation Provisions:

MEPA review begins by preparing and filing an Environmental Notification Form (ENF} with the
Secretary of Environmental Affairs. The ENF is published in the next Environmental Monitor and
the MEPA Office, agencies and the public have a 20-Day review period, after which the Secretary
determines if the project requires a full Environmental Impact Report. After preparation of the EIR,
it is published in the Environmental Monitor and the public has 30 days to review and comment on
the proposal after which the Secretary makes the final decision. If approved, the Agency or other
project lead may proceed 60 days after the Final EIR is published.

Applicability to Wind Development?
Yes, if the project requires State permits.

Implementing Agency:
Executive Office of Environmental Affairs - MEPA Office

WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: No specific guidelines for wildlife, however the
Department of Energy Resources and the Executive Office of Environmental Affairs have
developed a model wind zoning by-laws to assist Massachusetts cities and towns in establishing
reasonable standards for wind power development.
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Lead Agency on Guidelines: Department of Energy Resources and Executive Office of
Environmental Affairs

Summary of Guidelines: The recommended by-laws are voluntary and are very limited on wildlife
related recommendations. The only components are for lighting, to limit non-blinking red lights to
reduce attraction for wildlife, and a limited section on habitat impacts, recommending to limit the
amount of ground cleared for construction.

Web site for Model County Ordinance: hitp://'www.mass.gov/Eoca/docs/doer/renew/model-
allow-wind-by-permit.pdf

Detailed Summary of Massachusetts’ Model Zoning
Guidelines

The model zoning langnage is limited as far as implications to habitat and
wildlife specific concerns and focus more on safety and impacts to
residential communities. There are some recommended provisions to
reduce impacts in the pre-approval and siting time frames. Specific pre-
comstruction components (primarily for utility-scale facilities) include a
plan indicating all proposed changes to the landscape of the site, including
temporary or permanent roads or driveways, grading, vegetation clearing
and planting, exterior lighting, other than FAA lights, screening vegetation
or structures.

Pre-construction
survey

Recommends that lighting for turbines should only be included if recorded
Design/Operation by Federal Aviation Administration and lights for associated structures
Recommendations should have the minimum lighting for safety and operational structures.
Monopole towers are recommended as the preferred structure.

Recommends that clearing of natural vegetation shall be limited to what is

Site Development necessary for the construction, operation and maintenance of the wind
Recommendations facility and is otherwise prescribed by applicable laws, regulations, and
ordinances.

Consultation with
wildlife agency,

None

USFWS
}_
Mitigation None
requirements
Post-Construction/ N
Operational Surveys | -*°7¢
None

Decommissioning
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MICHIGAN

BACKGROUND
Contact: Karen Cleveland, Wildlife Biologist, P.O. Box 30444, Lansing, MI 48509-7944

Installed Utility Scale Wind Power: 3 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Proposed - 10% by 2015 and 20% by 2025

Incentives for Industrial or “Big Wind” Production:

¢ Michigan created the NextEnergy economic-development plan to position the state as a world
leader in the research, development, commercialization and manufacture of alternative-energy
technologies; NextEnergy industry recruitment programs include a non-refundable Business
Activity Credit and a Refundable Payroll Credit for businesses certified by the NextEnergy
Authority that locate in the NextEnergy Zone,

s The Alternative Energy Personal Property Tax Exemption includes exemptions for alternative
energy systems less than 2 megawaits, or integrated combinations of alternative energy systems
of no more than 10 megawatts as well as the personal property of an alternative energy
technology business - The exemption applies to companies engaged in the manufacturing or
research and development of alternative energy technologies and nonresidential alternative
technology owners.

Incentives for Residential and “Smail Wind” Production:

e The Michigan Public Service Commission (PSC) energy-efficiency grant program, funded by the
state’s Low-Income and Energy Efficiency Fund, supports the implementation of energy-
efficiency projects and renewable-energy projects by businesses, non-profit organizations,
government agencies and/or schools.

e Wisconsin Public Power, Inc. {WPPI) utilities (including these Michigan utilities: Alger Delta
CEA, Baraga Electric Utility, Gladstone Power & Light, L’ Anse Electric Utility, Negaunee
Electric Department, and Norway Power & Light) offers rebates for renewable-energy systems to
residential and small commerecial customers; for qualifying wind-energy systems rated 20 kW or
less, eligible customers will receive a rebate equal to 25% of the system’s cost, with a maximum
incentive of $10,000; customers may also receive a rebate for 75% (up to $375) for a renewable
energy site assessment and 50% rebate (up to $2,500) for both routine maintenance as well as
major system repairs.

Interconnection and Net Metering Standards:

The Michigan Public Service Commission (PSC) adopted interconnection standards for 5 levels of
distributed generation (DG). The maximum size of electric generators eligible for net metering is
less than 30 kW, unless a utility voluntarily sets its limit at less than 150 kW (to match size
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categories established by the state’s intercormection rules). Non-dispatchable generation (e.g. solar
and wind) must be sized not to exceed the customer’s annual energy needs, measured in kilowatt-
hours

ENERGY SITING PROCESS

Power Siting Authority: Local Government manages land use through zoning and ordinances;
Some local governmental units (i.e. townships and counties) have adopted local ordinances
regarding the siting of wind power,

Wind Specifie Siting Authority? No

Code or Regulations: State level: Michigan Tall Structures Act, Michigan Natural Resources and
Environmental Protection Act.

Role of State Fish & Wildlife Agency: For projects requiring environmental review, the
Department works with developers who contact them to avoid and minimize impacts.

How are wildlife laws applied: Same as any development project. Can require mitigation when
Threatened or Endangered Species are involved or on Michigan Department of Natural Resources
(DNR) lands.

WILDLIFE GUIDELINES FOR WIND

Wildiife Guidelines for Wind Power Siting: Michigan Siting Guidelines for Wind Energy
Systems

Lead Agency on Guidelines: The Energy Office, Michigan Dept. of Labor and Economic Growth
Status of Wildlife Guidelines: Final — December 14, 2005

Summary of Guidelines: Voluntary guidelines provide recommended local zoning ordinances for
set back requirements, sound requirements, environmental impact and avian & wildlife impact
analysis, etc. Environmental Impact Analysis to assess impacts to natural environment and outline
measures o minimize, eliminate or mitigate for impacts; shall comply with appropriate portions of
the Michigan Natural Resources and Environmental Protection Act. Avian & Wildlife Impact
Analysis, applicants shall have a third party professional fo identify and assess any potential impacts
on wildlife and endangered species; outlines siting that requires special scrutiny (near high
concentrations of birds or bat hibernacula, etc.) must document plans to minimize, eliminate or
mitigate for identified impacts. Must comply with federal and state endangered species laws.
Includes guidelines for post-construction mortality study. Directs applicants to USFWS Interim
Guidance on Avoiding and Minimizing Wildlife Impacts from Wind Turbines.
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Web site for Guidelines:
hitp:/www.michigan. gov/documents/Wind and Solar Sitine Guidlines Draft 5 96872 7.pdf

Detailed Summary of Michigan’s Model Zoning Guidelines

The model zoning language includes specific requirements for habitat and
wildlife specific concerns but focus more on safety and impacts to
residential communities. Includes requiring an environmental impact
analysis conducted by a third party, qualified professional to identify and
assess any potential impacts on the natural environment including, but not
limited to wetlands and other fragile ecosystems, historical and cultural

Pre-construction sites, and antiquities. In addition requires an avian and wildlife impact

survey assessment by a third party, qualified professional to identify and assess any
potential impacts on wildlife and endangered species. At a minimum, the
analysis shall include a thorough review of existing information regarding
species and potential habitats in the vicinity of the project area. Where
appropriate, surveys for bats, raptors, and general avian use should be
conducted.
Recommends that power lines be placed underground, when feasible, to
prevent avian collisions and electrocutions. All above-ground lines,

Design/Operation transforglers, or co_nductors _should comply with Avian Power Line

Recommendations Interaction Commlttee published standards to prevent avian mortality.
Recommendations for tubular towers covered under the “Visual Impact”
section.

Site Development

Recommendations | 1100¢

Consultation with

wildlife agency, None

USFWS
Requires the applicant take appropriate measures {0 minimize, eliminate or

Mitigation {Ilitigate adverse impacts to the environment and wilgi!ife that are identified

requirements in the preliminary anafysis. The applicant must identify and evaluate the
significance of any net effects or concerns that will remain after mitigation
efforts.

The pre-siting analysis is required to indicate whether a post construction
wildlife mortality study will be conducted and, if not, the reasons why such
a study does not need to be conducted.

Post-Construction/
Operational Surveys
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The applicant 1s required to submit a decommissioning plan. The plan shall
include: 1) the anticipated life of the project, 2) the estimated
decommissioning costs net of salvage value in current dolars, 3) the
Decommissioning method of ensuring that funds will be available for decommissioning and
restoration, and 4) the anticipated manner in which the project will be
decommissioned and the site restored.
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MINNESOTA

BACKGROQUND

Contact: Steven Colvin, Environmental Review Supervisor, DNR - Division of Ecological
Resources, 651-259-5082, Steve.Colvin@dnr.state. mn.us

Installed Utility Scale Wind Power: 897 MW

INCENTIVES FOR WIND DEVELOPMENT

Renewable Portfolio Standard: Yes (goal) - 10% by 2015 + Xcel Energy mandate of 1125 MW
wind by 2010

Incentives for Industrial or “Big Wind” Production:

» Minnesota issues a payment of 1.0¢ to 1.5¢/kWh for electricity generated by new wind-energy
projects less than two megawatts (MW) in capacity. As of May 2006, 211 MW were operating
and receiving incentive payments. An additional 13 MW are eligible to receive payments when
operational. The program was closed to new applicants on January 1, 2005,

» Minnesota excludes from (real estate) property taxation the value added by solar-electric (PV) or
wind systems. However, the land on which a P'V or wind system is located is taxable. In addition,
all real and personal property of wind-energy systems is exempt from the state’s property tax. In
liew of a property tax on large wind-energy systems, a production tax was implemented in 2002.
Wind systems greater than 12 MW are taxed at a rate of 0.12 cents/kWh; systemns between 2 MW
and 12 MW are taxed at a rate of 0.036 cents/kWh; and systems between 250 kW and 2 MW are
taxed at a rate of 0.012 cents/kWh, Wind systems under 250 kW are exempt from the production
tax.

e Wind-energy conversion systems used as electric-power sources are exemnpt from Minnesota’s
sales tax. Materials used to manufacture, install, construct, repair or replace wind-energy systems
also are exempt from the state sales tax.

Incentives for Residential and “Small Wind” Production:

o Wind-energy conversion systems used as electric-power sources are exempt from Minnesota's
sales tax. Materials used to manufacture, install, construct, repair or replace wind-energy systems
also are exempt from the state sales tax.

e Minnesota has a low-inferest Agricultural Improvement Loan Program by the Minnesota Rural
Finance Authority (RFA) through participating individual lenders that provides loans to farmers
for improvements or additions to permanent agricultural facilities including wind-energy systems
with a maximum capacity of 1 MW, participation is limited to 45% of the principal amount of the
loan or $200,000, whichever is less.

¢ Minnesota’s Energy Investment Loan Program will buy down up to 50% of the loan principal to
0% interest for any specific renewable energy, energy efficiency or energy conservation “capital
improvement” measure with a simple payback of 10 years or less in an existing building.
Minnesota cities, counties, townships, hospitals and K-12 schools are eligible for this program.
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¢ The Value-Added Stock Loan Participation Program through the RFA is designed to help farmers
buy into wind energy and anaerobic-digestion cooperatives, the maximum size of an individual
project supported by a wind-energy cooperative is 1 megawatt (MW) - the RFA purchases up to
45% of the loan with an interest rate on the RFA portion of 4.0%.

* Minnesota Power Grant Program offers grants of up to $50,000 to its commercial, industrial, and
agricultural customers who use innovative technologies, improve manufacturing processes,
undertake renewable electric energy projects or who need project design assistance.

Interconnection and Net Metering Standards:

Minnesota’s net-metering law applies to all investor-owned utilities, municipat utilities and rural
electric cooperatives. Qualifying facilities up to 40 kilowatts (kW) are eligible for net metering;
there is no statewide capacity limit for net metering.

ENERGY SITING PROCESS

Power Siting Authority: Minnesota Public Utility Commission (PUC) issues a Site Permit for a
Large Wind Energy Conversion System (LWECS) (> SMW) - this regulatory authority was
transferred to the PUC from the Minnesota Environmental Quality Board in July 2005. New
legislation in 2007 would allow counties to assume responsibility for siting LWECSs less than
25MW. The PUC has a specific set of requirements for siting of wind energy facilities (separate
from other electric generating facilities). Information on wind siting can be found at:
http://energyfacilities. puc.state.mn us/wind html.

Wind Specific Siting Authority? Yes

Code or Regulations: Wind siting authority — Minn, Stat. §§ 116C.691-.697; Permitting
requirements — Minnesota Rules Chapter 4401

Role of State Fish & Wildlife Agency: The commission requires, among other things, an analysis
of the proposed facility’s potential environmental and wildlife impacts, proposed mitigative
measures, and any adverse environmental effects that cannot be avoided.

How are wildlife laws applied: Much of the wind power development potential is in the southwest
portion of the state, so the state conducted one large 4-year avian impact study and a 2-year bat
impact study in the area. On the basis of the results of the state-required studies, state and local
agencies in Minnesota are not requiring post-construction studies for wind power development in
this portion of the state.

STATE ENVIRONMENTAL PoLICY ACT

Mimnesota Environmental Policy Act - Minnesota Statutes, Ch. 116D, Minnesota Rules, Ch. 4410,
1973

Overview:

Although Minnesota does have a state environmental policy act, the analysis of environmental
impacts in a Site Permit Application required through the state wind siting process (Minnesota
Statutes Chapter 216F and Minnesota Rules Chapter 7836) satisfies the environmental review
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requirements for Minnesota Environmental Policy Act (MEPA) - no Environmental Assessment
Worksheets or Environmental Impact Statement are required for Large Wind Energy Conversion
System projects. Terms and conditions are outlined in the Tule as to the contents of a site permit
application inchuding, but not limited to recreational resources, land-based economics, water
resources, wildlife, vegetation and rare and unique resources. Items such as pre-construction
biological surveys, natural heritage reviews, impact mitigation measures, and prairie management
plans are routinely included in the site permits. In addition to these pernit requirements, site permit
applications include resource information that inventories natural resources in the project area,
identifies potential impacts, and proposes methods to avoid or minimize those impacts.

Projects Affected by Law:

The wind siting process applies to Large Wind Energy Conversion Systems, defined as a
combination of Wind Energy Conversion Systems with a combined nameplate capacity of 5,000
kilowatts or more.

Public Participation Provisions:
The public has a minimum of 30 calendar days after publication of the draft site permit to provide
written comments to the PUC.

Applicability to Wind Development?
No — MEPA does not set statute or rule for Wind siting.

Implementing Agency:
Public Utilities Conamission

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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MISSISSIPPI

BACKGROUND
Installed Utility Scale Wind Power: None

INCENTIVES FOR WIND DEVELOPMENT
Renewabie Portfolio Standard: No

Incentives fox Industrial or “Big Wind” Production:
None

Incentives for Residential and “Small Wind” Production:

TVA Green Power Switch Partners Program - $500 plus $.15/kWh (residential/small-commercial)
or $0.20/kWh (large commercial) to purchase entire production of renewable power including wind;
systemis must be 50 kW or less,

Interconnection and Net Metering Standards:

No net-metering/intercontiection standards

ENERGY SITING PROCESS

Power Siting Authority: There isn’t much emphasis on wind power development in the state, and
wind energy is not specifically covered by any state regulatory authority.

Wind Specific Siting Authority? No

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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MISSOURI

Contact: Jane Epperson, Policy Coordination Unit Supervisor, Missouri Department of
Conservation, 573-522-4115 ext 3351, jane.epperson@mdc.mo.gov

Installed Utility Scale Wind Power: 4 projects under construction, total of 163 MW.

INCENTIVES FOR WIND DEVELOPMENT

Renewable Portfalio Standard; Yes - Renewable Energy and Energy Efficiency Objective of 11%
by 2020

Incentives for Industrial or “Big Wind” Production:
None

Incentives for Residential and “Small Wind” Production:

The Energy Center of the Missouri Department of Natural Resources provides loans for energy
efficiency and renewable energy project for K-12 public schools, public higher education facilities,
and city and county governments; Loan amounts are based upon projected energy savings.

Interconnection and Net Metering Standards:

Missouri enacted legislation in June 2007 (SB 54) requiring all electric utilities to offer “true” net
metering (previously they had a “dual metering” system) to customers with systems up to 100
kilowatts (kW). The new law takes effect on Jan. 1, 2008 and will be available until the total rated
generating capacity of net-metered systems equals 5% of a utility’s single-hour peak load during the
previous year,

ENERGY SITING PROCESS

Power Siting Authority: No govermmental entity in the state regulates siting for wind power; the
first commercial grade wind system was installed in the state less than 6 months ago. Missouri’s
Public Service Commission and Department of Natural Resources will likely have review/oversight
but no policies are in place yet. Developments would be subject to standard environmental laws
inchwding voluntary review for threatened and endangered species throngh the Heritage database.
Projects may be affected by local zoning if local governments have anything in place.

Wind Specific Siting Authority? No

Role of State Fish & Wildlife Agency: Department of Conservation currently has no formal role in
the process but would be involved should development impact existing wildlife related laws and are
in contact with Department of Natural Resources which is the agency most involved in wind power

issues. State can not require mitigation.

WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: No Guidance
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MONTANA

BACKGROUND
Contact: T.O. Smith, Montana Fish, Wildlife & Parks, 406-444-3889, tosmith@mt.gov

Installed Utility Scale Wind Power: 146 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - 15% by 2015

Incentives for Industrial or “Big Wind” Production:

» Montana’s Alternative Energy Investment Corporate Tax Credit allows a tax credit for income
eamed on investments of $5,000 or more in commercial and net metering alternative energy;
associated facilities, manufacturing plants producing the alternative energy equipment and
industries using the energy generated may use the tax credit and the credit is available to
taxpayers purchasing an existing facility as well as to those building a new facility.

» The Corporate Property Tax Reduction for New/Expanded Generating Facilities allows Montana
alternative renewable energy generating plants producing 1 megawatt or more are eligible for
mdustry property tax reduction on the local mill levy during the first nine years of operation
{(subject to approval by the local government); the facility is taxed at 50% of its taxable value in
the first five years after the construction permit is issued, the percentage increases each year until
the full taxable value is attained in the tenth year. The Generation Facility Corporate Tax
Exemption exempts new electricity generating facilities built in Montana with a nameplate
capacity of less than 1 MW and using an alternative renewable energy source from property taxes
for 5 years after start of operation.

» The Bonneville Environmental Foundation {BEF) provides up to 33% of the funding, through
grants, loans, convertible loans, guarantees, and direct investments, for the capital costs for
installation of renewable energy, including wind, to local governments, non-profits and tribal
governments in the Pacific Northwest (OR, WA, ID, MT); grants and investments may range
from a few thousand dollars for small installations, to significant investments in central station
grid-connected renewable energy projects.

Incentives for Residential and “Small Wind” Production:

* The Montana Residential Alternative Energy System Tax Credit allows residential taxpayers who
install an energy system using a recognized non-fossil form of energy to receive a tax credit equal
to the amount of the cost of the system and installation of the system, not to exceed $500; the tax
credit may be carried over for the next four taxable years.

* The Northwest Solar Cooperative (NWSC) offers to purchase the rights to the environmental
attributes or “Green Tags” derived from grid-connected solar PV- or wind-generated electricity at
a rate of $0.05/kWh through December 31, 2009; systems up to 25 kW are automatically
approved; > 25 kW approved on case-by-case basis.

¢ Montana has a residential property tax exemption for recognized renewable energy generation,
for single-family residential dwellings the exemption is up to $20,000, for multifamily residential
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dwellings or a nonresidential structure the exemption is up to $100,000 and may be claimed for
10 years after installation of the property.

¢ The Alternative Energy Revolving Loan Program (AERLP) provides 10 year loans of up to
$40,000 to individuals, small businesses, local government agencies, units of the university
system, and nonprofit organizations to install alternative energy systems that generate energy for
their own use.

» NorthWestern Energy’s USB Renewable Energy Fund periodically provides funding to its
customers for renewable energy projects; the incentive for wind is $2/watt to a maximum of
$10,000 per customer. :

Interconnection and Net Metering Standards:

Montana’s net-metering law allows customers of investor-owned utilities to net meter systems that
generate eleciricity using solar, wind or hydropower systems up to 50 kilowatts (kW). All customer
classes are eligible, and no limit on enrollment or statewide installed capacity is specified.

ENERGY SITING PROCESS

Power Siting Authority: Wind power development specifically is generally unregulated at any
level of government. However, componenis of the development may be regulated by the
Department of Environmental Quality, for instance if it impacts wetlands, water quality, etc. In
addition, if transmission lines greater than 69 kilovolts are necessary a Certificate of Environmental
Compatibility might be necessary. Madison County has also enacted an ordinance to regulate the
construction of tall towers including Wind Energy Conversion Systems.

Wind Specific Siting Authority? No

Role of State Fish & Wildlife Agency: The Department of Nataral Resources and Conservation
may require easements or leases when state lands are used or crossed. But Montana Department of
Fish, Wildlife & Parks is not specifically included in the process unless there are Threatened &
Endangered species issues.

How are wildlife laws applied: Same as any development project.

STATE ENVIRONMENTAL POLICY ACT

Montana Environmental Policy Act~ MCA Title 75, C. 1, Pts. 1-3, Administrative Rules of
Meoentana (ARM) Ti. 17, Ch. 4, Subch. 6: 17-4-601 through 17-4-636, 1971

Overview:

If an agency’s action has a potential impact on the human environment {adverse, beneficial, or both)
and if that action is neither categorically excluded (a determination, based on the rulemaking or
programmatic review, that the proposed agency action satisfies all of the criteria for exclusion) nor
exempt from Montana Environmental Policy Act “MEBPA™ review, then some form of
environmental review is required. Ifit is unclear whether the proposed action may generate impacts
that are significant, then an agency may prepare an Environmental Assessment (EA) in order to
determine the potential significance and decide if a full Environmental Impact Statement (EIS) is
necessary; an EA may also be prepared if it is clear that there will be no significant impact to the
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human environment. An EIS is a more detailed evaluation of the project than the EA and should
include: a description of the purpose and need for the proposed action; a description of the affected
environment; a description and analysis of the alternatives, including the no action alternative; and
an analysis of the impacts to the human environment of the different alternatives, including an
evaluation of appropriate mitigation measures.

Projects Affected by Law: _
A state “action” is defined as a project, program, or activity directly undertaken by a state agency; a
project or activity supported through contract, grant, subsidy, loan, or other form of fumding
assistance from a state agency; or a project or activity involving the issuance of a lease, permit,
license, certificate, or other entitlement for use or permission to act by an agency.

Public Participation Provisicns:

Public participation is required several times in the process however public participation is
discretionary during the EA review and mandatory during the EIS review. During the EIS process,
the agency must invite comments on the purpose and need for the pending action (scoping); provide
a 30 day comment period on the draft EIS and a 15 day review of the final EIS (all public comments
and the agency’s response to the comments must be included in the final EIS); and inform the
public of the agency’s decision and the justification for that decision.

Applicability to Wind Development?
Yes, through permitting process and likely through state funding incentives for wind development.

Implementing Agency:
Environmental Quality Council - created by MEPA, made up of 6 state senators, 6 state
representatives, 4 members of the public and 1 nonvoting member representing the governor.

WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Uses US Fish & Wildlife Service’s interim
guidelines.

Summary of Guidelines: The State Department of Environmental Quality’s wind power website
(http.//deq.mt. gov/Energy/Renewable/WindWeb/indexWindinMT asp) references the U.S. Fish &
Wildlife Service’s Interim Guidance and provides information on the Service's recommended
ranking system, developed in Montana, that focuses on pre-development evaluation of proposed
sites based on the potential impacts to wildlife. These are voluntary recommendations.
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BACKGROUND

Insialled Utility Scale Wind Power: 73 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: No

Incentives for Industrial or “Big Wind” Production:

o Nebraska offers a production-based Renewable Energy Tax Credit (personal or corporate) to any
producer of electricity generated by wind, solar, geothermal, hydropower, fuel cells or methane
gas (no limit on size of facility), the credit may be used to reduce income tax liability or for a
refund of state sales and use taxes; the credit ranges between $0.0005/kWh and $0.00 I/kWh
depending on the year and can be claimed for 10 years after a facility goes into production, the
total amount of renewable energy tax credits that may be used by all taxpayers is limited to
$750,000.

e Nebraska’'s Sales and Use Tax Exemption for Community Wind Projects allows an exemption
from the sales and use tax imposed on the gross receipts from the sale, lease, or rental of personal
property for use in a community-based energy development (C-BED) project; for a C-BED
project that consists of more than two turbines, the project is owned by qualified owners with no
single qualified owner owning more than 15% of the project and with at least 33% of the power
purchase agreement payments flowing to the qualified owner or owners or local community; or
for a C-BED project that consists of one or two turbines, the project is owned by one or more
qualified owners with at least 33% of the power purchase agreement payments flowing to a
qualified owner or local community.

* Public ownership of electric utilities in Nebraska precludes wind projects from federal wind

energy Production Tax Credit.

Incentives for Residential and “Small Wind” Production:

The Dollar and Energy Savings Loans program, adminstered by the Nebraska Energy QOffice,
provides low interest loans for residential and commercial energy efficiency improvements
(Residential: $35,000 - $75,000 Non-Residential: $75,000 - $175,000), renewable energy projects
are eligible under one of two criteria. A project may be eligible if it is included i a list of “pre-
qualified improvements” or if there i1s an energy audit that verifies that the project will create net
energy savings.

Interconnection and Net Metering Standards:
No net-metering/interconnection standards

ENERGY SITING PROCESS

Power Siting Authority: Electric utility facilities are all publicly owned in Nebraska (by historical
precedent, not by statute) so wind power facilities must first be approved by the local utility district.
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The project is then brought before the Nebraska Power Review Board (PRB) which approves
construction for new electric generating facilities; one of the PRB’s primary focuses is on ensuring
“Jeast cost™ construction and power production to reduce costs for rate payers which conld
undermine some wind development. Local government has authority over small, consumer-scale
wind power.

Wind Specific Siting Authority? No

Code or Regulations: Nebraska Power Review Board authority: Neb. Rev. Stat. §§ 70-1001
through 70-1027; construction review: §§ 70-1012 through 1014

Role of State Fish & Wildlife Agency: Environmental review and considerations do not appear to
be part of the Power Review Board penmitting process.

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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NEVADA

BACKGROUND

Contact; Shawn Espinosa, Nevada Department of Wildlife, sespinosa@ndow.org, 1100 Valley
Road Reno, NV 89512

Installed Utility Scale Wind Power: None, 3 projects proposed.

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - 20% by 2015

Incentives for Industrial or “Big Wind” Production:

o Nevada’s Portfolio Energy Credits (PEC) are a production incentive that can be eamed by any
renewable energy producer (1 PEC/kWh for renewables other than solar) and can then be sold to
utilities to allow utilities to meet their renewable portfolio standards.

¢ Renewable Energy Producers Property Tax Abatement is a 10-year 50% abatenent in real and
personal property taxes for renewable electricity generation facilities.

Incentives for Residential and “Small Wind” Production:

e Nevada's Portfolio Energy Credits {PEC) are a production incentive that can be earned by any
renewable energy producer (1 PEC/kWh for renewables other than solar) and can then be sold to
utilities to allow utilities to meet their renewable portfolio standards.

¢ Renewable Energy Property Tax Exemption allows any value added by a qualified renewable
energy system to be subtracted f{rom the assessed value of any residential, commercial or
industrial building for property tax purposes.

Interconnection and Net Metering Standards:

The Nevada Public Utilities Commission (PUC) has interconnection standards for customers of
Nevada Power and Sierra Pacific Power with on-site generation up to 20 megawatts (MW) in
capacity. In addition, net-metering is available to systems up to 1 MW in capacity although systems
greater than 100 kilowatts (kW) in capacity may be subject to certain costs at the utility’s discretion.

ENERGY SITING PROCESS

Power Siting Authority: Because much of Nevada is federally owned public lands, federal agency
(BLM, FWS, NPS, eic.) requirements and NEPA could affect nuch wind development in the state.
Public Utilities Commission of Nevada issues a permit for construction of electrical facilities, th]s
includes renewable energy generating facilities greater than 150 KW,

Code or Regulations: WRS 704.820 through 704.900

Wind Specific Siting Authority? No
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Role of State Fish & Wildlife Agency: Department of Natural Resources has integrated resource
management and joint environmental review for projects

How are wildlife laws applied: Utility regulator considers trade-offs and decides. State does not
have the authority to require mitigation.

WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Use US Fish & Wildlife Service interim guidelines
as well as Oregon and Washington state guidelines.
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NEW HAMPSHIRE

BACKGROUND

Contact: Michael Marchand, Wildlife Biologist, NH Fish & Game,
michael. marchand@wildlife state.nh.us, 11 Hazen Drive, Concord NH 03301

Installed Utility Scale Wind Power: 1 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - 23.8% by 2025

Incentives for Industrial or “Big Wind” Production:

The New Hampshire Business Resource Center and Ocean National sponsor the Renewable Energy
and Energy Efficiency Business Loan Program that offers small businesses a reduced interest rate
loan of at least $10,000 for the purchase of renewable energy systems and energy efficiency
improvements.

Incentives for Residential and “Small Wind” Production:
New Hampshire allows each city and town to offer an exemption on residential property taxes in the
amount of the assessed value of a renewable-energy system used on the property.

Interconnection and Net Metering Standards:

Net metering is available to all eleciric-generating systems powered by “renewable” energy with a
maximum system capacity of 100 kW and the aggregate capacity of net-metered systems in a
utility’s service territory is 1.0% of the utility’s annual peak energy demand.

ENERGY SITING PROCESS

Power Siting Authority: New Hampshire Energy Facility Siting Evaluation Committee (SEC)
provides a Certificate for Site and Facility for energy facilities over 30 MW; developers of facilities
less than 30 MW can opt-in to the SEC process to preempt local jurisdiction or to access the
aggressive schedule (within 9 months from application) that the SEC is required to pursue. If not
going through the SEC process, wind development would fall under local jurisdiction. The state is
cuwrently going through their first wind power siting evaluation.

Wind Specific Siting Authority? No

Code or Regulations: RSA 162-H

Role of State Fish & Wildlife Agency: The Executive Director of the New Hampshire Fish &
Game Department (NHFG) is one of 15 officials from 8 state agencies that sit on the Siting

Evaluation Committee. NH Fish & Game Department has review of the project for impacts to
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wildlife especially threatened & endangered species. Department of Environmental Services is
responsible for wetlands, alteration of terrain

How are wildlife laws applied: The siting application includes an evaluation of potential impacts
on the environment and plans to study and resolving environmental problems.

WiLDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Proposed guidance, using Vermont’s guidance as a
basis.

Lead Agency on Guidelines: A stakeholders group led by NH Audubon and Appalachian
Mountain Club (AMC) with representatives from NHFG, USFWS, non-profits (Audubon, AMC,
TNC) and wind representatives is drafting the guidelines.

Status of Wildlife Guidelines: Preliminary draft submitted by Wind Energy Facility Siting
Guidelines Working Group on May 29 2007 to NH Energy Policy Committee Wind Siting
Subcommittee for review,

Summary of Guidelines: Evaluation of whether project is likely or less likely to have major
impacts. Projects are placed into categories. For wildlife, pre- and post-monitoring studies are
outhined.

Detailed Summary of New Hampshire’s Draft Voluntary
Guidelines

Proposed guidelines recommend preliminary consultation with a proposed
state coordinator to evaluate initial data collection needs. After initial data
compilation, the developer should do a pre-application consultation with a
proposed wind power advisory group to make a preliminary assessment on
the proposal’s suitability and concerns for resources, and to then provide
recommendations for more complete studies necessary for the project. The
proposed guidelines then include a detailed overview of resource and social
issues that should be considered including rare plants, natural communities,
soils and topography, water and wetlands, wildlife, existing land use and
infrastructure, recreational use, etc. For wildlife, required pre-permitting
surveys should mclude radar and acoustical surveys of birds and bats for at
least one year; visual surveys for diurnal migrating birds and bats for a
minimum of one spring and one fall season; breeding bird surveys for a
minimum of one breeding season. Recommended surveys for wildlife (only
if deemed necessary from initial data compilation) should include surveys
for rare, threatened or endangered species, identification of suitable habitat
for lynx and marten, surveys for small footed bat, March to August surveys
of peregrine falcons and mapping of beech, cak and mountain ash
oceurrence.

Pre-construction
survey

Design/Operation None
Recommendations
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Site Development None
Recommendations
Cousultation with

wildlife agency, None
USFWS

Mitigation None
requirements
Post-Construction/
Operational Surveys | NOn®
Decommissioning None
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NEW JERSEY

BACKGROUND
Contact: Dave Golden, dgolden@gtc3.com; Ted Nichols: tnichols@gte3.com

Installed Utility Scale Wind Power: 8 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes — 22.5% by 2021

Incentives for Industrial or “Big Wind” Production:

» New Jersey’s Renewable Energy Business Venture Assistance Program (REBVAP) provides
recoverable grants of $50,000 to $500,000 for the development of businesses, technologies,
service and market infrastructure in support of the state's renewable-energy industry; the program
budget is approximately $5 million and there is a 25% cost-share requirement.

* New Jersey offers a full exemption from the state’s 7% sales tax for all solar and wind energy
equiprment. This exemption is available to all taxpayers.

Incentives for Residential and “Small Wind” Production:
» New Jersey offers a full exemption from the state’s 7% sales tax for all solar and wind energy
equipment. This exemption is available to all taxpayers.

» New Jersey has a Clean Energy Rebate Program for renewable energy systemns where output will
~ not exceed 100% of energy used by the building or home, wind systems are currently eligible for
incentive levels beginning at $5 per watt (60% maximum) for systems up to 10 kW in capacity.

o Larger systems receive incrementally lower rebate amounts, with a 30% maximum. (Single-
family rebate applications are limited to the first 10 kW of project capacity.)

Interconnection and Net Metering Standards:

Residential and small commercial wind systems up to 2 megawatts (MW) in capacity are eligible
for net metering up to 0.1% of state peak demand or total impact of $2 million. New Jersey’s
interconnection standards are widely considered to be among the best in the United States,

Power Siting Authority: Department of Environmental Protection (NJDEP) through environmental
regulations. Local governments through planning/zoning commission. Most wind power potential
is offshore and weuld be subject to state coastal zone management rules.

Wind Specific Siting Authority? No

Code or Regulations: NJDEP Coastal Zone Management Rules

Role of State Fish & Wildlife Agency: Agency is a primary decision-maker regarding siting.
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STATE ENVIRONMENTAL POLICY ACT

Executive Order 215 (Kean, 1989) - §§ 7:22-10.1 to 7:22-10.12 of the NJ Administrative Code
provides the guidelines on environmental assessment for projects receiving state funding, 1989

Overview:

Level I projects (anticipated construction costs in excess of §1 million) are subject to the
preparation of an environmental assessment; Level 2 projects (both construction costs in excess of
$5 million and land disturbance in excess of five acres) are subject to the preparation of an
environmental impact statement. An EIS should include the purpose and need for the proposed
project; a detailed evaluation of all alternatives and an identification of the preferred alternative; a
description of the environmental consequences including unavoidable adverse impacts and
mitigation altematives.

Projects Affected by Law:

Applies to projects directly initiated by departments, agencies, or authorities of the State, as well as
projects in which the State departments, agencies or authorities are granting at least 20 percent
financial assistance

Public Participation Provisions: .

A public informational meeting is required for a draft EIS at least 30 days after it is published, and
the Department of Environmental Protection must accept comments for 15 days following the
meeting - a similar process is required for the final EIS. The DEP is required to make a decision on
a project within 60 days of receiving a final EA or EIS

Applicability to Wind Development?
Only if wind project is receives state funding (the state does have incentives for wind power
development) or it is on state land.

Implementing Agency:
Department of Environmental Protection

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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NEW MEXICO

BACKGROUND

Contact: Matthew Wunder, Division Chief, Conservation Services Division, New Mexico
Department of Game and Fish, 505-476-8101, matthew. wunder@state.nm.us

Installed Utility Scale Wind Power: 496 MW

INCENTIVES FOR WIND DEVELOPMENT

Renewable Portfolio Standard: Yes - Investor-owned utilities: 20% by 2020; Rural electric
cooperatives: 10% by 2020

Incentives for Industrial or “Big Wind” Production:

» Corporate Renewable Energy Production Tax Credit of $.01/kWh for wind and biomass, up to
400,000 MWh per year for 10 years, for producers of greater than 1 MW of renewable energy -
can not claim both the personal credit and the corporate credit.

¢ The Alternative Energy Product Manufacturers tax credit of up to 5% of taxpayer’s qualified
expenditures may be claimed for manufacturing alternative energy products and components.

Incentives for Residential and “Small Wind” Production:

Personal Renewable Energy Production Tax Credit of $.01/kWh for wind and biomass, up to
400,000 MWh per year for 10 years, for residential systems producing of greater than 1 MW of
renewable energy - can not claim both the personal credit and the corporate credit,

Interconnection and Net Metering Standards:
Interconnection standards for facilities up to 80 MW, and simplified rules for small residential
facilities up to 10 kW.

ENERGY SITING PROCESS

Power Siting Authority: The New Mexico Public Regulation Commission has jurisdiction over
electricity generating projects over 300 MW (so far there are no wind projects of this size but some
may be developed soon). For projects less than 300 MW in size and producing no emissions, there
is no official process for review by the New Mexico Public Regulation Commission. Counties
regulate wind power siting through zoning approval, requirements vary by county. Building
permits from the Construction Industries Division (CID) of the New Mexico Regulation and
Licensing Department are necessary for all wind power developments in the state.

Wind Specific Siting Authority? No
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Role of State Fish & Wildlife Agency: The state recommends a “fatal flaw” analysis, similar to
general NEPA guidelines, to assess specific siting considerations including wildlife; developers are
recommended to consult with the New Mexico Game & Fish Department in this process.

WiLDLIFE GUIDELINES FOR WIND
Wiidlife Guidelines for Wind Power Siting: Impacts of Wind Energy Development on Wildlife

Lead Agency on Guidelines: New Mexico Game & Fish Department (NMGFD)
Status of Wildlife Guidelines: January, 2004; NMGFD expects to update the guidelines in 2008.

Summary of Guidelines: Based on the U.S. Fish & Wildlife Service’s Interim Guidance, the New
Mexico Game & Fish Department's voluntary guidelines focus on Site Development
recommendations and Turbine Design and Operation recommendations. The Siting
recommendations focus on avoiding important wildlife habitat including bird migration pathways,
bat hibernacula, etc. The guidelines specifically recommend avoiding known Lesser Prairie
Chicken habitat recommending a 5 mile buffer from known leks. In addition, habitat restoration
and monrtality studies post-construction are encouraged. The turbine design component references
both the FWS guidance and NMGFD guidelines on towers and power line trenching. Recommend
and focuses on specific design concepts to minimize roosting and avoid air strikes. Seasonal shut-
downs during migratory times are encouraged as necessary.

In addition, The NM Energy, Minerals & Natural Resources Department
(hitp://www.emnrd.state.nm.us/ecmd/Wind/wind.htm) publishes four documents for wind energy
project proponents. The Guidelines for Developers and Investors and the Screening Mode! do not
mention wildlife resources. The Wind Development Handbook mentions them peripherally in the
context of “Fatal Flaw Analysis.” The Case Study Report describes a “Phase T Avian Risk
Assessment” (literature review, consultation, site survey) and identifies the likely need for further
survey activity.

Web site for Guidelines:
http://www.wildlife state.nm.us/conservation/habitat handbook/WindEnergyGuidelines. htm

Detailed Summary of New Mexico’s Voluntary Guidelines

Pre-construction
survey

None

Design recommendations in New Mexico are adapted from the USFWS
Interim Guidelines, Recommends using tubular supports with pointed tops
rather than lattice supports and avoiding external ladders, platforms on
tubular towers and guy wires for turbine or meteorological tower support.
Design/Operation Guy wires should be marked with recommended bird deterrent devices.
Recommendations Recommends lighting should conform to minimum FAA requirements and
only the minimum number, minimum intensity, and minimum number of
flashes per minute of white strobe lights should be used at night. Where
the height of the rotor-swept area produces a high risk for wildhfe, tower
heights should be adjusted where feasible to reduce the risk of strikes, and
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electric power lines should be placed underground or on the surface as
insulated, shiclded wire to avoid electrocution of birds.

New Mexico’s site development guidelines have been adapted from the
USFWS Interim Guidelines. This includes: avoiding placing turbines in
documented locations of any species of wildlife, fish or plant protected
under the Federal Endangered Species Act; avoid locating turbines in
known local bird migration pathways or in bird concentration areas; avoid
placing turbines near known bat hibernation, breeding, and
maternity/nursery colonies, in migration corridors, or in flight paths
between colonies and feeding areas; configure turbine locations to avoid

. areas or landscape features known to attract raptors; configure turbine

Site Development arrays to avoid potential avian mortality where feasible; avoid fragmenting
Recommendations large, contiguous tracts of undisturbed or native wildlife habitat; avoid
placing turbines in habitat known to be occupied by Lesser Prairie Chickens
(avoid placing turbines within 5 miles of known leks) or other species that
exhibit extreme avoidance of vertical features and/or structural habitat
fragmentation; minimize roads, fences, and other infrastructure; develop a
habitat restoration plan for proposed sites that avoids or minimizes negative
impacts on vulnerable wildlife while maintaining or enhancing habitat
values for other species; reduce carrion to avoid attracting Golden Eagles

and other raptors.
Consultation with
wildlife agency, N
on
USFWS °
Mitigation
requirements Nong

Post-development mortality studies should be a part of any site
development plan in order to determine if or to what extent mortality
occurs. Where high seasonal concentrations of birds occur in areas with
critical power generation, an average of three years monitoring data (e.g.,
Post-Construction/ | acoustic, radar, infrared, or observational) should be collected and used to
Operational Surveys | determine peak use dates for specific sites. Where feasible, turbines should
be shut down during periods when birds are highly concentrated at those
sites. When upgrading or retrofitting turbines, mortality studies should be
used to retrofit or relocate older turbines that have had high mortality at
specific older turbines.

Decommissioning None
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NEW YORK

BACKGROUND

Contact: Brianna Gary, Avian Ecologist, NYSDEC, 518-402-8858, bmgary@gw.dec.state.nty.us,
625 Broadway, 5th Floor, Albany, NY 12233-4756 '

Installed Utility Scale Wind Power: 390 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - 25% by 2013

Incentives for Industrial or *“Big Wind” Production:

The New York State Energy Research and Development Authority’s (NYSERDA) Renewable
Energy Technology Manufacturing Incentive Program is designed to expand in-state manufacturing
of electricity-generating, clean-energy products; total of $10 million is available with a maximum
project award is $1 million and a minimum 75% cost-share is required.

Incentives for Residential and “Small Wind” Production:

¢ Qualifying energy-conservation improvements {(including wind power) to single-family or up to
A-family homes are exempt from property tax on the increased value of the home.

+ Solar, Wind & Biomass Energy Systems Property Tax Exernption is a 1 5-year exemption from
real property taxes for these systems applicable to commercial, industrial, residential and
agricultural sectors.

¢ The New York Energy $mart Loan Fund, administered by the New York State Energy Research
and Development Authority (NYSERDA), provides reduced-interest rate loans to finance
renovation or construction projects that incorporate renewable energy systems; any comunercial,
industrial, retail, agricultural, non-profit, residential, or multifamily facility that is an electric
distribution customer of one of the State’s six investor-owned utilities ig eligible. NYSERDA
also offers an unsecured loan (100% of costs up to $20,000) for the installation of qualified
energy efficient and renewable energy measures in private residences.

¢ NYSERDA provides incentives of up to $150,000 per site for wind systems 800 W to 250 kW,
incentives vary based on specific model and the classification cf the wind system owner,
incentive paid directly to qualified installer and then passed on to owner.

¢ The NYSERDA Peak Load Reduction Program provides a wide variety of incentives for reducing
electricity use doring peak times including permanent demand reduction from wind systems and
other renewable systems that have been in place for more than 5 years with proven energy
reduction; minimum project size of 20 kW to 100 kW so focuses on buildings with large
consumpticn - program participants can receive the lesser of 65% of project costs or $300/kW to
$600/kW depending on location,

Interconnection and Net Metering Standards:
New York has interconnection standards for systems up to 2 MW. Net-metering is available to
residential wind turbines up to 25 kW and farm-based wind turbines up to 125 kW (other
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renewables have different thresholds), customers can participate on a first-come, first-served basis
until aggregate wind system capacity is 0.2% of 2003 demand.

ENERGY SITING PROCESS

Power Siting Authority: Local govermment manages land use including wind energy development
through zoning permits within requirements for state and local environmental review; State Public
Service Commission approves construction of facilities over 8¢ MW,

Wind Specific Siting Authority? No

Role of State Fish & Wildlife Agency: Dept. of Environmental Conservation will participate in
environmental review of project but may not have discretionary authority over siting

STATE ENVIRONMENTAL POLICY ACT

State Environmental Quality Review Act ~ Environmental Conservation Law Sections 3-
0301{1)XB), 3-0301(2)(M) and 8-0113, 6 NYCRR Part 617, 1978

Overview:

New York's State Environmental Quality Review Act (SEQR) requires all state and Jocal
government agencies fo consider environmental impacts equally with social and economic factors
during discretionary decision-making. This means these agencies must assess the environmental
significance of all actions they have discretion to approve, fund or directly undertake. SEQR.
outlines Type I projects (those that may meet the threshold for environmental review but may not
need an EIS; e.g. nonresidential projects physically altering 10 or more acres of land or zoning
changes affecting 25 or more acres) and Type II (those that are exempt from environmental review).
If an action is determined to have potentially significant adverse environmental impacts, an
Environmental Impact Staternent is required. The SEQR process uses the EIS to examine ways to
avoid or reduce adverse environmental impacts related to a proposed action including an analysis of
all reasonable alternatives to the action. SEQR requires the sponsoring or approving governmental
body to identify and mitigate the significant environmental impacts of the activity it is proposing or
permitting.

Projects Affected by Law:

SEQR applies to all state or local government agencies including districts and special boards and
authorities whenever they must approve or fund a privately or publicly sponsored action. It also
applies whenever an agency directly undertakes an action. Applicants who seek project approval or
funding may be responsible for preparing an EIS.

Public Participation Provisions:

After a draft environmental impact statement is filed, the public has at least 30 days to comment on
the project, the comment period must continue 10 days after the public hearing if one is held. A
hearing must be held within 60 days from the filing of the DEIS, but at least 15 days after a notice
of the public hearing is published.
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Applicability to Wind Development?
Yes, through local government permitting process.

Implementing Agency:
SEQR is self-enforcing, each agency of government is responsible to see that 1t meets 1ts own
obligations to comply. The Departinent of Environmental Conservation issues regulations, but has

no oversight.

WIiLDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: Draft Guidelines, currently not public.

Lead Agency on Guidelines: New York State Department of Environmental Conservation

Summary of Guidelines: NYS Department of Environmental Conservation is in the process of
developing voluntary guidelines for conducting pre-and post-construction bird and bat studies at
proposed and operating wind projects. A draft is currently under review by staff biologists, and will
be available for public comment prior to finalizing the document.
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NORTH CAROLINA

BACKGROUND
Installed Utility Scale Wind Power: None

INCENTIVES FOR WIND DEVELOPMENT

Renewable Portfolio Standard: Yes - 12.5% of 2020 retail sales by 2021 for investor-owned
utilities; 10% of 2017 retail sales by 2018 for electric cooperatives and municipal utilities

Incentives for Industrial or “Big Wind” Production:

NC GreenPower Production Incentive Payment offers production payments for grid-tied renewable
electricity producers less than 10 MW including wind, generators are required to enter into power-
purchase agreements with their utility and with NC GreenPower; the incentives, which include
payments from utility power-purchase agreements, are made on a per-kWh basis and vary by
technology.

Incentives for Residential and “Small Wind” Production:

¢ Renewable Energy Tax Credit provides for a tax credit of 35% of the cost of renewable cnergy
property (including wind, maximum of 35 kWh battery storage capacity per kW) installed during
the tax year, may not exceed 50% of a taxpayer's liability for the year - maximum of $10,500 for
residential nse; maximum of $2,500,000 on commercial and industrial facilities.

» TVA Green Power Switch Partners Program - $500 plus $.15/kWh (residential/small-
commercial) or $0.20/kWh (large commercial) to purchase entire production renewable power
including wind; systems must be 50 kW or less,

» The Energy Improvement Loan Program (EILP) provides loans with an intersst rate of 1% for
certain renewable-energy projects (including wind) to North Carolina businesses, local
governments, public schools and nonprofit organizations.

Interconnection and Net Metering Standards:

North Carolina has net-metering and interconnection standards that allow small power producers
(up to 20 kW residential and 100 kW for non-residential) to connect to utilities power grid up to an
aggregate limit of 0.2% of the utility’s North Carolina retail peak load for the previous year.

ENERGY SITING PROCESS

Power Siting Authority: North Carolina Utilities Commission (NCUC) provides a certificate of
public convenience and necessity for energy producing facilities including small renewable energy
power producers less than 80 MW, Small wind energy facilities are typically handled by County
Planning Boards, specific consideration or ordinances relating to wind power are variable. Watauga
county has an ordinance in place for permitting small facilities

Wind Specific Siting Authority? No
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Code or Regulations: NCUC Rule R1-37 requires a certificate of public convenience and necessity
for small energy producers defined in General Statute 62-3(27a) to include renewable power
producers less than 80 MW.

STATE ENVIRONMENTAL POLICY ACT

North Carolina Environmental Policy Act {SEPA) - North Carolina General Statutes, Ch. 113A,
§§ 113A-1 to 113A-13, North Carolina Administrative Code, Title 15a, Ch. 01, Subch. 01C.0101-
0411 (1 NCAC 25), 1971

Overview:

Most North Carolina State agencies have developed rules establishing minimum thresholds based
on the size and type of the project or activity. In cases where the project or activity falls below the
minimum threshold, agencies may be exempt from SEPA, or they may be required to submit only
general environmental information. However, if there is reasonable evidence that a project or
activity has significant impacts, a state agency can call for an environmental document to be
prepared, even if it is normally listed as exempt from SEPA. The process may start with an
Environmental Assessment (EA) which is a brief outline of the project and potential impacts, upon
review the project will be granted a Finding of No Significant Project or will be required to develop
a full Environmental Impact Statement,

Projecis Affected by Law:

Every state agency is subject to SEPA. Any project meeting all the following “triggers” is subject to
SEPA: (1) the project is carried out with public funds (any expenditure on the project by federal,
state, local, or quasi-public entities) and/or uses state land, (2) a project requires a state approval
action (licensing, certification, permitting, etc.) in order to be implemented, and (3) a project has the
potential for an environmental impact.

Public Participation Provisions:

Public notification of the environmental documents available for review is through the
Environmental Bulletin distributed by the Clearinghouse. Upon review of the comments received,
the DOA submits a recommendation back to the state agency making the SEPA compliance review,
this process typically takes between 30 and 45 days.

Applicability to Wind Development?
Yes, when development requires state permits.

Lmplementing Agency:
The State Environmental Review Clearinghouse in the Departiment of Administration is responsible
for daily implementation and administration of the SEPA review process.

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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NORTH DAKOTA

BACKGROUND

Contact: John Schumacher, Resource Biologist, NID Game & Fish Dept, (701) 328-6321,
jdschumacher@nd.gov

Installed Utility Scale Wind Power: 178 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - Renewable and Recycled Energy Objective of 10% by 2015

Incentives for Industrial or “Big Wind™ Production:

North Dakota reduces property taxes by 70% for wind facilities of 100 kW or larger. To be eligible,
construction must begin by January 1, 2011. The state also has a sales tax exemption for these
systems,

Incentives for Residential and “Small Wind” Production:

» North Dakota allows any taxpayer - an individual or corporation — to claim an income tax credit
of 3% per year for five years for the cost of equipment and installation of a system that generates
electricity using geothermal, solar, biomass or wind energy and that is installed after December
31, 2000.

* North Dakota exempts any solar, wind, or geothermal energy device from local property taxes
for 5 years after installation.

Interconnection and Net Metering Standards:

North Dakota’s net-metering rules apply both to renewable-energy generators and cogenerators
{combined-heat-and-power systems) up to 100 kilowatts (kW) in capacity; available to all customer
classes, and there is no statewide limit on the total capacity of all net-metered systems. There are
no specific interconnection standards in the state.

ENERGY SITING PROCESS

Power Siting Authority: North Dakota Public Service Commission (PSC) regulates siting of wind
power facilities greater than 100 MW by providing a Certificate of Site Compatibility, facilities
smaller than 80 MW may choose to receive certification by the PSC. Smaller facilities may be
regulated by local zoning but this is highly variable by township or county board.

Wind Specific Siting Authority? Yes

Code or Regulations: North Dakota Administrative Code, Title 69-06
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Role of State Fish & Wildlife Agency: The Game & Fish Department has joint environmental
review and is one of 21 designated state agencies entitled to receive notice on energy facility siting
reviewed by PSC (69-06-01-05).

How are wildlife laws applied: Same as any other utility project. The PSC can require mitigation
as part of the permitting process for facilities greater than 100 MW,

WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Uses US Fish & Wildlife Service’s interim
guidelines.
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OHIO

BACKGROUND
Installed Utility Scale Wind Power: 7 MW

- INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolic Standard: No

Incentives for Industrial or “Big Wind” Production:

¢ Ohio exempts certain property used in “energy conversion” (i.e. replacement of fossil-fuel
resources with alternative fuels or technologies) from real and personal property taxation, the
state’s sales and use tax, and the state’s corporate franchise tax where applicable; upon receipt of
certification from the tax commissioner, such property is exempt from Ohio’s sales and use tax, is
not considered to be an improvement on the land for purposes of real property taxation or as “used
in business’ for purposes of personal property taxation and is also not considered in the
assessment of Ohio’s corporate franchise tax.

¢ The Ohio Wind Production & Manufacturing Incentive Program provides production-based
incentives to utility-scale wind-energy projects (more than five megawatts) and to community
wind-energy projects (500 kilowatts to five megawatts); the incentive rate varies, in 2007
generators will receive a production incentive of $0.01 per kilowatt-hour (kWh) for up to five
years, or until the entire amount of the grant approved has been eamed by the wind-energy
project, whichever occurs first. A higher incentive rate of $0.012 was available for projects that
utilize “Ohio-manufactured” (at least 30% manufactured in OH) wind turbines.

Incentives for Residential and “Small Wind” Production:

+ The Ohio Department of Development’s Office of Energy Efficiency (OEE) offers grants through
the Energy Loan Fund for the installation of new non-residential or residential renewable-energy
projects; non-residential wind-energy systems are eligible for a grant of $2.50 per watt. The
maximum grant award for a wind-energy system is $150,000 or 50% of the project’s cost,
whichever is less; residential wind-energy systems are eligible for a grant of $2.50 per watt or
50% of the project’s cost, whichever is less. The maximum grant award for a wind-energy system
is $25,000.

» The Renewable Energy Loan Program reduces the interest rate, by approximately half, on
standard bank loans for qualifying Ohio residents and businesses that borrow money to
implement energy efficiency projects or renewable energy projects; loans for residential projects
range from $500 to 825,000, whereas loans for commercial and institutional projects range from
$5,000 to $500,000.

Interconnection and Net Metering Standards:
Ohio’s interconnection standards provide for three levels of review for the interconnection of
distributed generation systems up to 20 megawatts (MW) in capacity, Ohio’s net-metering law
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requires electric distribution utilities and competitive retail electric service providers to offer net
metering to customers who generate electricify using wind energy, solar energy, biomass, landfill
gas, hydropower, fuel cells or microturbines, a net-metered system must be “intended to offset part
or all of the customer-generator’s electricity requirements”, each ufility is only required to offer net
metering until the total generating capacity of all participating customers equals 1% of the utility’s
aggregate customer peak demand in Ohio.

ENERGY SITING PROCESS

Power Siting Authority: Ohio Power Siting Board (OPSB) must provide a certificate of
environmental compatibility and public need prior to construction of major utility facility (50 MW
or more). Smaller facilities fall under local jurisdiction.

Wind Specific Siting Authority? No

Code or Regulations: Siting of major facilities is guided by Ohio Revised Code, Chapter 4906 and
Ohio Administrative Code, Chapter 4906.

Role of State Fish & Wildlife Agency: Ohio Department of Natural Resources (ODNR) is a
member of OPSB

WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: 1) Siting New Energy Infrastructure in Chio - A
Guidance Document (General Siting Manual) 2) Summary of the Ohio Dept. of Natural Resources
Authorities & Guidance for the Siting & Operation of Wind Power Generating Facilities in Ohio

Status of Wildlife Guidelines: OPSB Manual - February 2005; ODNR Guidance - 11/21/05 Draft

Summary of Guidelines: Ohio has two documents that are relevant to wind siting. The first is a
manual developed by the Ohio Power Siting Board that outlines the process including application,
review, hearings etc. for receiving approval to develop a major utility facility. This siting manual
does not provide details on wildlife or environmental concerns, but lists the ODNR divisions that
might review siting proposals. The ODNR Guidance provides general guidance of the permits,
project reviews, authorities, etc. within the Divisions and Offices of ODNR as they relate to the
siting and operation of wind power generating facilities. The guidance outlines how each
division/office might be involved in reviewing permits and environmental assessments for each
project and provides the codes and authorities that relate to specific areas of concern. This is a more
detailed overview of a table that is included in the OPSB Siting Manual,

‘Web site for Guidelines: OPSB Siting Manual -
http://www.puco.ohio.gov/emplibrary/files/media/OPSB/OhioSitingManual.pdf
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~ OKLAHOMA

Contact: Russ Horton, Lands & Wildlife Diversi'ty Supervisor, OK Dept. of Wildlife Conservation,
(405) 202-5901, rhorton2 70@sbcglobal .net,

Installed Utility Scale Wind Power: 555 MW

INCENTIVES FOR WIND DEVELOPMENT

Renewable Portfolio Standard: No - Legislation has been introduced but has failed to pass so far

Incentives for Industrial or “Big Wind” Production:

Oklahoma’s Zero-Emission Facilities Production Tax Credit provides a state income tax credit of
between $0.0025/kWh - $0.0075/kWh (amount varies depending on when the facility is placed in
operation and when electricity is generated) for 10 years for a facility tbat sells its power and has a
rated production capacity of one megawatt (1 MW) or greater

Incentives for Residential and “Small Wind” Production:

Oklahoma offers an income tax credit to the manufacturers of small wind turbines (rated capacity of
between 1 kW and 50 kW) of $25 per square foot for the rotor swept area; the turbine must
incorporate advanced technologies such as new airfoils, new generators, and new power electronics
and at least one unit of each model must have been installed for testing at the US-DOE National
Wind Technology Center

Interconnection and Net Metering Standards:

Net metering is available to all customer classes in Oklahoma with a system size of 100 kW or
25,000 kWh/year (whichever is less); there is no limit on the amount of aggregate net-metered
capacity. There are no specific interconnection standards in Oklahoma.

ENERGY SITING PROCESS

Power Siting Autherity: Wind power can go through voluntary review by the Oklahoma
Corporation Commission.

Wind Specific Siting Authority? No

How are wildlife laws applied: Same as any other utility project. State has the authority to require
mitigation.

WIiLDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Uses US Fish & Wildlife Service's interim
guidelines.
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OREGON

BACKGROUND

Contact: Rose Owens, Habitat Special Projects Coordinator, Oregon Department of Fish and
Wildlife, 503-047-60835, rose.m.owens@state.or.us

Installed Utility Scale Wind Power: 438 MW

INCENTIVES FOR WIND DEVELOPMENT

Renewable Portfolio Standard: Yes - Large utilities: 25% by 2025; Small utilities: 10% by 2025;
Smallest utilities: 5% by 2025.

Incentives for Indastrial or “Big Wind” Production:

The Bonneville Environmental Foundation (BEF) provides up to 33% of the funding, through
grants, loans, convertible loans, guarantees, and direct investments, for the capital costs for
installation of renewable energy, including wind, to local govermments, non-profits and tribal
governments in the Pacific Northwest (OR, WA, ID, MT); grants and investments may range from a
few thousand dollars for small installations, to significant investments in central station grid-
connected renewable energy projects.

Incentives for Residential and “Small Wind” Production:

o Oregon’s Business Energy Tax Credit (BETC) is for investments in energy conservation,
recycling, renewable energy resources, or less-polluting transportation fuels, the 35% tax credit is
taken over five years: 10% the first and second years and 5% for each year thereafter, any unused
credit can be camried forward up to eight years; those with eligible project costs of $20,000 or less
may take the tax credit in one year.

s The Residential Energy Tax Credit is available to homeowners and renters who invest in energy
efficiency or purchase renewable energy systems; Solar space and water heating systems, wind
systems, and fuel cells are eligible for a credit of 60 cents per kWh saved during the first year, up
to $1,500.

o The Northwest Solar Cooperative (NWSC) offers to purchase the rights to the environmental
attributes or “Green Tags” derived from grid-connected solar PV- or wind-generated eleciricity at
a rate of $0.05/kWh through December 31, 2009; systems up to 25 kW are automatically
approved; > 25 kW approved on case-by-case basis.

o Oregon’s property tax exemption states that the added value to any property from the installation
of a qualifying renewable energy system not be included in the assessment of the property’s value
for property tax purpose, this exemption is intended for end users and does not apply to property
owned by anyone directly or indirectly involved in the energy industry.

e The Oregon Small Scale Energy Loan Program (SELP) provides low interest foans for a variety
of energy projects including renewable systems, loans are available to individuals, businesses,
schools, cities, counties, special districts, state and federal agencies, public corporations,
cooperatives, tribes, and non-profits; loans generally range from $20,000 to $20 million.
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Interconnection and Net Metering Standards:

Oregon’s net-metering law includes interconnection requirements for systems up to 25 kilowatts
(kW) in capacity. Residential and commerical customers are eligible until the total installed
capacity of net-metered energy systems exceeds 0.5% of a utility’s historic single-hour peak load.

ENERGY SITING PROCESS

Power Siting Authority: Energy Facility Siting Council (EFSC) approves site certificates for wind
power plants with an average electric generating capacity of 105 MW or more. Land use approval
can either be through local jurisdiction or the Siting Council can make the land use decision. The
site certificate serves as a consolidated state permit. Smalier wind generating facilities are regulated
by zoning laws at city or county level. Developers would initially apply to the land use planning
authorities in local jurisdictions where wind facilities are proposed and follow their procedures to
obtain conditional use permits. Concurrently, developers would need to contact all appropriate state
agencies to ensure that proposed wind facilities would qualify under all other permitting
regulations.

Wind Specific Siting Authority? Yes
Code or Regulations: OR Rev. Stat. §§469.300 — 469,560 OR Admin. Rules Chapter 345

Role of State Fish & Wildlife Agency: Oregon Department of Fish & Wildlife is involved in siting
review of habitat and threatened or endangered species issues by EFSC standards.

How are wildlife laws applied: Energy Siting Council Standards require compliance with Oregon
Department of Fish & Wildlife (ODFW) habitat mitigation goals and standards; also requires
documentation of potential threatened and endangered species and consultation with ODFW if
facility will impact state or federally listed species. ODFW has specific Administrative Rules
outlining fish & wildlife habitat mitigation policy for development (OAR 635-415 0000 to 0025).

WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Energy Facility Siting Standards and model
ordinance.

Lead Agency on Guidelines: Energy Siting Council for siting standards; Oregon Department of
Energy developed model ordinance

Status of Wildlife Guidelines: Final

Summary of Guidelines: The Energy Siting Council Standards, codified in OAR Chapter 345,
Divisions 22-24, are mandatory but apply only to wind energy facilities with a generating capacity
of 105 megawatts or more. Siting Standards require that the proposed facility comply with the
habitat mitigation goals and standards of the Oregon Department of Fish and Wildlife (ODFW). The
Council must determine whether the applicant has done appropriate site-specific studies to
characterize the fish and wildlife habitat at the site and nearby. The applicant must provide
appropriate studies of the site to identify threatened or endangered species that the proposed facility
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could affect. If the facility might adversely affect either a state or federally-listed threatened or
endangered wildlife species, the applicant should consult with the Oregon Department of Fish and
Wildlife. If a potential risk to the survival or recovery of a threatened or endangered species exists,
the applicant must redesign or relocate the facility to avoid that risk or propose appropriate
mitigation measures. The Oregon Department of Energy has developed a model ordinance for local
planning departments to ufilize in the permitting process for wind energy projects that do not go
through the Oregon Department of Energy’s mandatory siting requirements.

Web site for Energy Siting Standards:
- hitp/fwww.oregon. gov/ENERGY/SITING/standards.shtm]

Detailed Summary of Oregon’s Siting Rule (for facilities
>105MW)

The Energy Siting Standards require energy facilities to assess impacts to
fish and wildlife habitat through appropriate site-specific studies that
characterize the fish and wildlifc habitat at the site and nearby. In addition,
they are required to comply with Oregon’s land use planning goals adopted
Pre-construction by the Land Conservation and Development Commission, or, altemnatively,
to comply with the local government’s acknowledged comprehensive plan
and land use regulations if the applicant chooses to seek land use approval
from the local jurisdiction. The wind project applicant must also provide
appropriate studies of the site to identify threatened or endangered species
that the proposed facility could affect.

survey

Before a site certificate for a wind facility (these requirements are found in
wind specific rules) is approved by the Siting Council, the applicant must
show they can design the facility to reduce cumulative adverse
environmental effects in the vicinity including: designing the facility to
reduce the nsk of injury to raptors or other vulnerable wildlife in areas near
turbines or electrical equipment, designing the components of the facility to
minimize adverse visual features, using the minimum lighting necessary for
safety and security purposes and using techniques to prevent casting glare
from the site, except as otherwise required by the Federal Aviation
Administration or the Oregon Department of Aviation. If the facility might
adversely affect either a state or federally-listed threatened or endangered
wildlife species, the applicant should consult with the Oregon Department
of Fish and Wildlife. 1f a potential tisk to the survival or recovery of a
threatened or endangered species exists, the applicant must redesign or
relocate the facility to avoid that risk or propose appropriate mitigation
measures.

Design/Operation
Recommendations

Before a site certificate for a wind facility (these requirements are found in
wind specific rules) is approved by the Siting Council, the applicant must
show they can construct the facility to reduce cumulative adverse
environmental effects in the vicinity including: using existing roads to
provide access to the facility site, or if new roads are needed, minimizing
the amount of land used for new roads and locating them to reduce adverse
environmental impacts, using uaderground transinission lines and

Site Development
Recommendations
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combining transmission routes, connecting the facility to existing
substations, or if new substations are needed, minimizing the number of
new substations.

Applicants for Energy Facility Siting certificates must consult with the
Consultation with Oregon Department of Fish & Wildlife (ODFW) for biological surveys. For
wildlife agency, potential impacts to Threatened and Endangered Species, the applicant must
USFWS consult with the ODEW (for fish & wildlife species) or the Oregon
Department of Agriculture (for plant species).

Proposed facilities are required to comply with the habitat mitigation goals
and standards of the Oregon Department of Fish and Wildlife (ODFW). If
impacts cannot be avoided, the applicant must provide a habitat mitigation
e plan. The plan must provide for appropriate mitigation measures, depending
Mitigation on the habitat category affected by the proposed facility. The plan may
requirements require setting aside and improving other land for fish and wildlife habitat
to make up for the habitat removed by the facility. If a potential risk to the
survival or recovery of a threatened or endangered specics exists, the
applicant must redesign or relocate the facility to avoid that risk or propose
appropriate mitigation measures

Post-Construetion/

Operationa) Surveys None

Decommissioning None

‘Web site for model ordinance for cities and counties:

http://www.oregon.gov/ENERGY/SITING/docs/ModelEnergyOrdinance. pdf

Detailed Summary of Oregon’s Model Zoning Guidelines

The model ordinance provides general standards on a host of issues relating
to energy siting (including visual, noise, soil impacts, etc.), The General
Standard for Fish, Wildlife and Native Plant Protection recommends that
the energy project be designed, constructed and operated without significant
adverse impact to fish, wildlife and native plant resources, including fish
and wildlife habitat, migratory routes and state or federally-listed threatened
or endangered fish, wildlife or plant species. There is a specific wind
generation section that includes details for wildlife resource issues primarily
targeting comimercial grade facilities with towers typically greater than 200
feet and typically producing more than 500 kW. This includes conducting
biologically appropriate baseline wildlife surveys in the areas affected by
the proposed wind energy project to determine wildlife species present and
patterns of habitat use.

Pre-construction
survey

Wind Power Siting, Incentives and Wildlife Guidelines in the United States, Page 95



Design/Operation
Recommendations

Much of the Design recommendations for wind generation facilities fall
under the visual impacts section. These include using underground energy
collection wires, minimizing lighting to only what is required for safety and
security, using existing roads or minimizing land used for new roads, etc.
Recommendations specifically associated with wildlife issues include:
selecting turbine locations to reduce the likelihood of significant adverse
impacts on wildlife based on expert analysis of baseline data; designing
turbine towers to reduce horizontal surfaces for perching; designing turbine
towers and pad-mounted transformers to avoid creation of artificial habitat
or shelter for raptor prey; spreading gravel on turbine pad areas to minimize
weeds and to avoid creation of habitat for raptor prey; using anti-perching
protection devices on transmission line support structures and appropriate
spacing of conductors.

Site Development
Recommendations

Recommends avoiding construction activities near raptor nesting locations
during sensitive breeding periods and using appropriate no-construction
buffers around known nest sites.

Consuitation with
wildlife agency,

Recommends that the local government should consult with the Oregon
Department of Fish and Wildlife regarding the protocols for baseline
wildlife surveys and the potential for adverse impacts on wildlife and

USFWS wildlife habitat.
Mitigation There are no specific mitigation requirements but it is recommended that
requirements mitigation of significant adverse impacts should be considered if higher-

than-average fatality rates occur.

Post-Construction/
Operational Surveys

Zoning language includes developing a plan for post-construction
monitoring of the wind energy project site using appropriate survey
protocols to measure the impact of the project on wildlife in the area.
Discussion in the recommendations suggest requiring monitoring for at least
2 years after construction in order 1o determine the statistical fatality rate
among avian and bat species for comparison with wind generation projects
in other areas.

Decommissioning

Includes decommissioning requirements under the General Standards that
the applicant shall submit a plan that ensures that the site will be restored to
a useful, non-hazardous condition without significant delay. These include
restoration of soil and revegetation with native seed, removal of
aboveground and underground equipment, structures and foundations, etc.
The decommissioning applies even if construction is never completed and
the applicant is required to file a bond or letter of credit to cover costs of
decommissioming should the owner fail 1o adequately restore the arca.
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PENNSYLVANIA

BACKGROUND

Contact: William A. Capouillez, Bureau Director, Pennsylvania Game Commission, (717) 787-
6818, weapounille@state pa.us, 2001 Elmerton Ave., Harrisburg PA 17110

Installed Utility Scale Wind Power: 179 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - 8% Tier I, 10% Tier II by 2020 (wind is Tier I)

Incentives for Industrial or “Big Wind” Production:

» FirstEnergy (formerly GPU) established the Metropolitan Edison Company Sustainable Energy
Fund and Penelec Sustainable Energy Fund to provide funding in the form of loans or equity
mvestments (a limited number of grants may be available) to businesses that advance the fund’s
objectives: the development and use of renewable energy and clean-energy technologies; energy
conservation and efficiency; sustainable-energy businesses; and projects that improve the
environment in the companies' service territories; loans typically do not exceed $500,000 and
grants typically do not exceed $25,000.

s The Sustainable Development Fund Grant Program (PECO Territory) provides financial
assistance in the form of grants, commercial loans, subordinated debt, royalty financing, and
equity financing for Sustainable Energy Business Planning Grants, Sustainable Energy
Demonstration Grants, and other grants that follow the SDF’s mission of “promoting renewable
energy, energy conservation and sustainable energy businesses”; grants average approximately
$25,000 and are available for up to 75% of the cost of the work.

o The West Penn Power Sustainable Energy Fund (WPPSEF) promotes the use of renewable
energy and clean energy among commercial, industrial, institutional and residential customers,
funding for eligible projects may include grants, commercial loans, equity investment,
subordinated debt and royalty financing; commercial loans are available to manufacturers,
distributors, retailers and service companies involved in renewable and advanced clean energy
technologies, as well as energy efficiency and conservation products and services to end-user
companies and community-based organizations,

« The Sustainable Energy Fund of Central Eastern Pennsylvania (SEF) disburses a limited number
of grants and loans to organizations seeking funding for projects consistent with the Fund's
mission “to promote research and invest in clean and renewable energy technologies, energy
conservation, energy efficiency and sustainable energy enterprises that provide opportunities and
benefits for PP&L ratepayers”; research projects are not eligible for grant financing.

* The Pennsylvania Energy Development Authority (PEDA) offers periodic grant and loan funding
io provide support for innovative, advanced energy projects, and for businesses interested in
locating or expanding their alternative-energy manufacturing or production operations in
Pennsylvania, Commercial, Industrial, Nonprofit, Schools, Local Government, Agricultural
sectors are eligible and the maximum individual award is $1 million.
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Incentives for Residential and *“Small Wind” Production:

¢ Pennsylvania law provides that wind turbines and related equipment (including towers and
foundations) may not be counted by tax assessors when setting property values, instead the
valuation of real property used for the purpose of wind-energy generation is developed by the
county assessor utilizing the income capitalization approach to value (the capitalized value of the
land-lease agreements, supplemented by a sales comparison data approach).

¢ Pennsylvania’s Energy Harvest program provides financing for the implementation of clean and
renewable-energy technologies that have measurable benefits in terms of pellution reduction,
environmental quality and reduced energy use; grants are intended to address the dual concerns of
energy and envirommental quality so proposals must simultaneously reduce or supplement the use
of conventional energy sources and lead to improvements in water or air quality.

¢ The Keystone Home Energy Loan Program (HELP) is a low-interest loan program for
homeowners to make their homes more energy efficient or to install wind, solar or geothermal
systems; maximum loan amount is $10,000 with a 10-year repayment term and 8.99% interest
rate, some low-income participants may qualify for a lower 6.99% interest rate.

Interconnection and Net Metering Standards:

Pennsylvania’s interconnection standards include provisions for four levels of interconnection for
generators up to two megawatts (MW) in capacity. The Commonwealth’s investor-owned utilities
must make net metering available to residential customers with systems up to 50 kilowaits (kW) in
capacity; nonresidential customers with systems up to one megawatt (MW) in capacity; and
customers with systems greater than 1 MW but no more than 2 MW who make their systems
available to the grid during emergencies, or where a microgrid is in place in order to maintain
critical infrastmcture

ENERGY SITING PROCESS

Power Siting Authority: Local government has the authority to plan and regulate land use.

Wind Specific Siting Authority? No

Code or Regulations: Land use authority granted to local government in Municipalities Planning
Code

Role of State Fish & Wildlife Agency: Department of Conservation & Natural Resources and
Pennsylvania Game Corumission and PA Fish & Boat Commission all can review proposal;
mandatory for Threatened or Endangered Species, wetlands etc.

How are wildlife laws applied: Mitigation is mandatory only when impacting T&E species.

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: Wind Energy Voluntary Cooperative Agreement

Lead Agency on Guidelines: Pennsylvania Game Commission

Status of Wildlife Guidelines: Final — February 2007
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Summary of Guidelines: The Pennsylvania Game Commission developed a voluntary cooperative
agreement to help avoid, minimize and potentially mitigate any adverse impacts the development of
wind energy may have on the state’s wildlife resources; the agreement has been signed by 12 wind
power companies (“Cooperator”). Included with the agreement are standardized protocols for
wildlife monitoring and impact review procedures primarily for migrating raptors - particularly
eagles - and bats. The Game Commission has also outlined steps for appropriate post-construction
mortality studies and in 2005 finalized guidelines for development of wind facilities on Game

Lands.

‘Web site for Guidelines:
http/Awww.pge state pa.ns/pee/libypge/programs/voluntery agreement.pdf

Detailed Summary of Pennsylvania’s Voluntary Guidelines

Pre-construction
survey

Pre-construction surveys are required as part of the Cooperative Agreement
for both birds and bats. Migrating raptor studies are required in both spring
and fall and if the area is a known eagle migratory route than an additional
spring eagle survey would be required. If the project area is within an
Important Bird Area (IBA) as previously designated by the Audubon
process, or within an area supporting birds identified as those priority
species of “greatest conservation concern” within the Pennsylvania
Comprehensive Wildlife Conservation Strategy, a survey (consisting of
three days of effort one day in May, two in June, separated by at least one
week) to confirm or deny the presence of the species will be required. The
cooperator is responsible for surveying the project area for any caves,
abandoned mine portals, or other openings that may harbor bats to be
surveyed by a qualified bat biologist in order to determine those bat
hibernacula existing within 5 miles of the project area that may induce
additional avoidance and mirimization measures due to anticipated adverse
bat impacts from project operations. The cooperator will conduct pre- and
post-construction acoustic surveys based on priority level to assess the level
of bat activity for both hibernating and tree bats. Specific pre-construction
monitoring protocols for both birds and bats that describe habitat priority
levels as well as duration and extent of surveys are outlined in addendums
to the cooperative agreement,

Design/Operation
Recommendations

The Cooperator agrees to utilize to the greatest extent possible, alt
reasonable and feasible generally accepted wind industry and Commission
best management practices relevant to the conservation of wildlife resources
during construction and subsequent operation of the wind-energy facility.

Site Development
Recommendations

None
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The agreement with the Game Commission provides that the Commission
will be notified of a pending development at least 14 months prior to
construction. The Commission in consultation with the Cooperator will
determine the risk level for monitoring and survey efforts. The Commission
and Cooperator agree to share relevant information concerning wildlife
resources under the jurisdiction of the Commission in and around the
project area and the potential adverse impact to those resources. The
Commission will to the extent feasible, be made available to provide
consistency and oversight management for all conducted surveys.
Commission recommendations or decisions under the Cooperative
Agreement do not supersede any comments, decisions, or recommendations
of the United States Fish & Wildlife Service,

Consultation with
wildlife agency,
USFWS

In the event that an incidental take occurs upon a Pennsylvania listed
threatened or endangered species of bird or mammal during the operation of
any of the Cooperator’s wind-energy facilities, the Cooperator agrees to
take all reasonable measures as deemed appropriate by the Commission and
the Cooperator to further avoid, minimize and/or mitigate such wildlife
losses in the future.

Mitigation
requirements

The Cooperator is required to perform bird and bat mortality monitoring for
a minimum of two years post-construction. Mortality studies shall be
Post-Construction/ | conducted from April 1 through November 15 by a qualified biologist(s)
Operational Surveys | having expertise in the identification of bats and/or birds. Detailed
overviews of mortality studies are included as addendums to the
cooperative agreement.

Decommissioning None
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RHODE ISLAND

BACKGROUND
Instalted Utility Scale Wind Power: 1 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - 15% by 2020

Incentives for Industrial or “Big Wind” Production;:

The Rhode Island Office of Energy Resources, as administrator of the Rhode Island Renewable
Energy Fund, offers financial incentives to in-state retail electricity suppliers who make available
eligible green-power products to residential and small business consumers in the state; the program
rewards suppliers who enroll up to 15,000 new residential and small commercial customers in
eligible green-power products before Fune 30, 2008, the incentives are first-come, first-served at a
rate of $125 per customer for the first 6,000 customers statewide, and $75 per customer thereafter
until funds are fully allocated.

Incentives for Residential and “Smail Wind” Production:

* Rhode Island offers a personal tax credit of equal to 25% of the system cost for renewable-energy
systems at residential installations - wind-energy systems must have a rotor diameter of at least 44
inches and a minimum factory-rated output of at least two 250 watts at 28 miles per hour; wind-
energy systems up to $15,000 are eligible for the full 25% credit. (Owners of wind-energy
systems that exceed $15,000 in cost will receive a credit based on a $15,000 system cost.)

» Rhode Island law specifies that for purposes of local municipal property tax assessment, certain
renewable energy systems cannot be assessed at more than the value of a conventional system
that otherwise could be necessary to install in a building; in addition certain renewable energy
systems and equipment sold in Rhode Island are exempt from the state's sales and use tax.

Interconnection and Net Metering Standards:

The Rbode Island Public Utilities Commission (PUC) requires Narragansett Electric (a subsidiary
of National Grid), an investor-owned utility that serves 99% of the state’s mainland customers, to
offer net metering to all customers generating electricity using renewable-energy systems -
temporary limits (set to expire in 2010) are 1.65 MW for systems owned by cities, towns or the
Narragansett Bay Commission, and 1 MW for systems owned by other customers; the limit on the
aggregate capacity of all net-metered systems is § MW of which 1 MW is reserved for systems less
than 25 kW. Rhode Island does not have formal interconnection standards, however Narragansett
Electric has a simple interconnection agreement for net-metered systems.
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ENERGY SITING PROCESS

Power Siting Authority: Rhode Island Energy Facility Siting Board, operating under the Public
Utilities Commission, licenses energy facilities capable of operating at a gross capacity of 40 MW
or more.

Wind Specific Siting Authority? No
Code or Regulations: RI Gen. Laws Section 42-98-1

Role of State Fish & Wildlife Agency: The Director of the Department of Environmental
Management is one of three members of the Energy Facility Siting Board.

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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SOUTH CAROLINA

BACKGROUND

Contact: Lauren Chestnut, Law Clerk, SCDNR, (803) 734-4006, ClerksL@dnr.sc.gov, P.O. Box
167,1000 Assembly Street, Columbia, SC 29202

Installed Utility Scale Wind Power: None

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: No

Incentives for Industrial or “Big Wind” Production:
None

Incentives for Residential and “Small Wind” Production;
None

Interconnection and Net Metering Standards:

The South Carolina Public Service Commission has interconnection standards for small distributed
generation (DG) addressing renewable-energy systems and other forms of DG up to 20 kKW in
capacity for residential systems, and up to 100 kW in capacity for non-residential systems.

ENERGY SITING PROCESS

Power Siting Authority: Wind power is currently unregulated at any level of government.
Legislation has been introduced in the State House to establish a committee to determine feasibility
of establishing wind energy production farms. (Www.scstatehouse.net; House Bill H 3533). State
Public Service Commission (PSC) regulates major utility facilities (electric generating facilities
greater than 75 MW) - wind is not specifically part of the PSC jurisdiction at this time. SC’s wind
potential may be limited, but a Joint Resolution to create a Wind Energy Production Farms
Feasibility Study Committee was introduced in the state legislature on Feb. 15, 2007.

Wind Specific Siting Authority? No
Code or Regulations: SC Code of Law 58-33-10 to 170

Role of State Fish & Wildlife Agency: SC Department of Natural Resources is a party to PSC
certification proceedings.

How are wildlife laws applied: State can require mitigation under Section 401 of the Clean Water
Act.

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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SOUTH DAKOTA

BACKGROUND

Contact: Silka Kempema, South Dakota Department of Game, Fish and Parks (SDGFP), (605)
773-2742, silka kempema@state.sd.us, 523 East Capitol Avenue, Pierre, SD 57501

Installed Utility Scale Wind Power; 44 MW

INQI_?‘NTI VES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: No

Incentives for Industrial or “Big Wind” Production:

The wind energy property tax assessment does not include the wind turbine or blades (these are
considered personal property) and only takes inte account the base, foundation, tower, and
substations; in addition, wind energy companies are not subject to discretionary property tax
formulas and all commercial wind facilities, regardless of ownership, are assessed at the local level.

Incentives for Residential and “Small Wind” Production:

The South Pakota Renewable Energy Systems Exemption exempts renewable energy systems on
residential and commercial property from local property taxes for three years after installation (after
which a portion can be claimed based on a set schedule) - for residential systems, the exemption
applies to the entire assessed value of residential systems and can be transferred when the property
is sold; for commercial systems, the exemption applies to 50% of the installed cost of commercial
systems, and cannot be transferred when the property is sold.

Interconnection and Net Metering Standards:
No net-metering/interconnection standards

ENERGY SITING PROCESS

Power Siting Authority: South Dakota Public Utility Commission (SDPUC) has permitting
authority for energy conversion and transmission facilities and has regulatory authority to provide
siting guidelines for wind power projects greater than 100 MW. Smaller projects are subject to
local government review, only a few counties currently have regulations specific to wind power.

Wind Specific Siting Authority? Yes

Code or Regulations: SDCL 49-41B provides SDPUC regulatory authority; SDPUC Energy
Facility Siting Rules (20:10:22); South Dakota Environmental Policy Act (SDCL 34A-9).
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Role of State Fish & Wildlife Agency: SDPUC has agreed to distribute siting guidelines
developed by SD Department of Game, Fish & Parks to stakeholders involved in the development
of wind power in South Dakota.

How are wildlife laws applied: Prior to the issuance of a permit, the SDPUC may prepare or
require the preparation of an environmental impact statement and applicants must demonstrate that
all applicable state water and air quality standards and regulations (administered by SD Department
of Environment and Natural Resources) are met. State does not have the authority to require
mitigation. The state Endangered and Threatened Species law (SDCL 34A-8) does not allow for
take except as provided for in the statute.

STATE ENVIRONMENTAL POLICY ACT

South Dakota Environmental Policy Act - South Dakota Codified Laws, 34A9-1 through 34A9-13,
1974

Overview:

South Dakota’s Environmental Policy Act (SDEPA) provides for the preparation of an
environmental impact statement for major actions which may have a significant impact on the
environmment. The act does not make the preparation of an EIS mandatory but states that the agency
may prepare or have prepared by contract such a statement. The purpose of an environmental
impact statement is to provide detailed information about the effect which a proposed action is
likely to have on the environment, to list ways in which any adverse effects of the action might be
minimized, and to suggest alternatives to the action.

Projects Affected by Law:

The SDEPA affects all state agencies including departments, offices, boards, commissions, and
other units of the state government. Actions subject to SDEPA include: new and continuing
projects or activities directly undertaken by any public agency, or supported in whole or part
through contracts, grants, subsidies, loans, or other forms of funding assistance from one or more
public agencies; policy, regulations, and procedure-making; or the issuance by one or more public
agencies of a lease, permit, license, certificate, or other public entitlement to an applicant.

Public Participation Provisions:

Prior to the preparation of the environmental impact statement, the responsible agency is required to
hold scoping meetings in the county in which the proposed action is to be located to solicit public
input on what should be included in the environmental impact statement. After a draft
environmental impact statement is finalized it must be circulated to state and federal agencies as
well as members of the interested public. Any comments to the draft are incorporated and the EIS
is made available to the public at least 30 days before the agency proceeds with the action.

Applicability to Wind Development?
Yes, through application for a permit from the Public Utilities Commission

Implementing Agency:
Department of Environment and Natural Resources
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WiLDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Siting Guidelines for Wind Power Projects in South
Dakota

Lead Agency on Guidelines: Department of Game, Fish & Parks
Status of Wildlife Guidelines: Final

Summary of Guidelines: South Dakota’s voluntary guidelines were developed using Kansas
Renewable Energy Working Group Environmental and Siting Committee’s Siting Guidelines for
Wind power Projects in Kansas and the National Wind Coordinating Committee’s Permitting of
Wind Energy Facilities: A Handbook. The guidelines address activities and concerns associated
with siting and permitting wind turbines. Items addressed within the guidelines are divided into
eleven categories. These categories are as follows: 1) land use, 2) natural and biclogical resources,
3) noise, 4) visual resources, 5) public interaction, 6) soil erosion and/or water quality, 7) health and
safety, 8) cultural, archaeological, and paleontological resources, 9) socioeconomic, public service,
and infrastructure, 10) solid and hazardous wasters, and 11) air and climate.

Web site for Guidelines: http:/www.sdgfp.info/Wildlife/Diversity/windpower.him

Detailed Summary of South Dakota’s Voluntary Guidelines

Guidelines recommend pre-construction efforts that include land-use
assessments (avoiding special areas, considering all local land-use
relationships and objectives to minimize land use conflicts, ete.), natural

) and biological resources (key wildlife habitats, migration corridors,
Pre-construction breeding/brood-rearing areas, legally protected wildlife, avoid native
survey habitats, etc.). It is recommended that the developer consider the biological
setting early in project evaluation and planning and use biological and
environmental experts to conduct a preliminary biological reconnaissance
of the likely site area.

Guidelines recommend that developers avoid lattice-designed towers or
other designs providing perches for avian predators, minimize potential
Design/Operation adverse affects of turbine wamning lights on migrating birds and bats,
Recommendations | consjder turbine designs or deterrents that minimize potential impacts on
flying animals such as birds and bats.

Developers are encouraged to consider timing of construction and
maintenance activities (including mowing) to minimize impacts on native
plants and animals, avoid construction and maintenance activities during
Site Development breeding season (April to July) and, if possible, during migration (April —
Recommendations June and August — October). Developers should bury power lines and/or
place turbines near existing transmission lines and snbstations, where
possible and to minimize the number of roads and fences.
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It is recommended that developers consult early and frequently with South
Consultation with Dakota Game, Fish & Parks and the U.S. Fish & Wildlife Service, as well
wildlife agency, as local/regional resource agency offices and conservation organizations. It
USFWS is also advised to start a public outreach and education process early in the
project to engage local communities in the site establishment.

Developers are encouraged to mitigate for habitat loss in areas where there
13 ecological damage in the siting of a wind power facility and to consider
possible cumulative regional impacts from multiple wind energy projects
when conducting environmental assessments and making mitigation
decisions. Appropriate mitigation actions include but are not limited to
ecological restoration, long-term management agreements, conservation
easements, or fee title acquisitions to protect lands with similar or higher
ecological quality as that of the wind power site.

Mitigation
requirements

Post-Coustruction/

Operational Surveys | None

Decommissioning None
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TENNESSEE

BACKGROUND
Installed Utility Scale Wind Power: 29 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: No

Incentives for Industrial or “Big Wind” Production:

In Tennessee, wind energy systems operated by public utilities, businesses or industrial facilities are
taxed at not more than one-third of their total installed cost, applies to the initial appraisal and
subsequent appraisals.

Incentives for Residential and “Small Wind” Production:

s TVA Green Power Switch Partners Program - $500 plus $.15/kWh (residential/small-
commercial) or $0.20/kWh (large commercial) to purchase entire production of renewable power
including wind; systems must be 50 kW or less.

e The State of Tennessee Economic and Community Development Energy Division offers a pilot
grant program for businesses to install renewable energy systems (including wind) at their
facilities, the grants are 40% of the installed cost between $5,000 and $75,000.

Interconnection and Net Metering Standards:
No net-metering/interconnection standards

ENERGY SITING PROCESS

Power Siting Aunthority: It was recommended in the State Energy Policy that power producers
apply to Tennessee’s Department of Economic & Community Development (TECD) for permitting
of merchant power plants greater than 50 MW. It is unclear if this has been codified in law or
regulation,

Wind Specific Siting Authority? No

Role of State Fish & Wildlife Ageney: TECD performs an initial review for baseline information
about project need, transmission and economnric needs. If the application is recommended for further
consideration it is forwarded to the TN Department of Environment & Conservation for
environmental permitting which includes review of potential impacts to Threatened & Endangered
Species.

WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: No Guidance
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TEXAS

BACKGROUND
Contact: Kathy Boydston, Texas Parks & Wildlife Department, Kathy Boydston@tpwd.state.tx.ns

Installed Utility Scale Wind Power: 3352 MW

INCENTIVES FOR WIND DEVELOPMENT

Renewable Portfolio Standard: Yes - 5880 MW by 2015, 2280 by fan. 2007 which was exceeded
in summer 2006

Incentives for Industrial er “Big Wind” Production:

* A corporation in Texas engaged solely in the business of manufacturing, selling, or installing
solar energy devices (wind devices are included in this definition) is exempted from the franchise
tax. The franchise tax is Texas’s equivalent to a corporate tax; their primary elements are the
same. There is no ceiling on this exemptlon so it is a substantial incentive for solar
manufacturers.

s Texas allows a corporation to deduct the cost of a solar energy device (this includes wind energy
devices) from the franchise tax in one of two ways: (1) the total cost of the systermn may be
deduncted from the company’s taxable capital; or, (2) 10% of the system’s cost may be deducted
from the company’s income. Both taxable capital and a company’s income are taxed under the
franchise tax, which is Texas’s equivalent to a corporate tax.

Incentives for Residential and “Small Wind” Production:
The Texas property tax code allows an exemption of the amount of the appraised property value
that arises from the installation or construction of a solar or wind-powered energy device that is
primarily for on-site use, or devices used to store that energy

Interconnection and Net Metering Standards:

The Public Utility Commission of Texas has interconnection standards for electrical generating
facilities (consisting of one or more on-site distributed-generation units) located at a customer’s
point of delivery, with a maximum capacity of 10 MW and connected at a voltage less than 60
kilovolts. Texas has limited net-metering rules - any integrated investor-owned utility (this amounts
to only about 25% of the state since deregulation} to provide specific net-metering options for
customers that operate qualifying facilities of 100kW or less that use non-renewable-energy
resources, and to qualifying facilities of 50 kW or less that use renewable-energy resources.

ENERGY SITING PROCESS

Power Siting Autherity: Voluntary Review; unregulated by any level of government - county
board can choose not to give a tax abatement if there is public opposition.
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Wind Specific Siting Authority? No

Role of State Fish & Wildlife Agency: If Texas Parks & Wildlife Department (TPWD) is asked by
industry to review a project, they will review it as if it were a development project regulated by
NEPA.

How are wildlife laws applied: Same as any other development or utility project. Texas Parks and
Wildlife works under NEPA, ESA, Clean Water Act, etc. TPWD has own code that states they will
review projects that impact fish and wildlife resources and make recommendations to minimize
those impacts, which would include recommendations for appropriate mitigation {TPWD Code
§12.0011).

WIiLDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Draft Guidelines in review process

Summary of Guidelines: Current draft recommends pre- and post-construction surveys, with a step
down method. This would require 3 years pre-construction surveys (birds and bats) in an area
where no wind development has occurred, 2 years where there have been other wind farms and
preconstruction surveys performed, 1 year where the preconstruction surveys and post construction
surveys support little or no use of the area and minimal mortality. Asking for a minimum of 2 years
post-construction surveys for both species. Also looking at voluntary mitigation, based on habitat
impacts. TPWD is still in negotiations on these guidelines.
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UTAH

BACKGROUND

Contact: Bill James, Energy Development / NEPA Coordinator, Utah Division of Wildlife
Resources, billjames(@utah.gov

Installed Utility Scale Wind Power: 1 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: No

Incentives for Industrial or “Big Wind” Production:

» The Utah State Energy Program administers the Renewable Energy Systems Tax Credit for both
corporate and residential systems for commercial wind, geothermal electric, and biomass systems
with a total capacity of 660 kW or greater, the credit is 0.35¢/kWh ($0.0035/kWh) for four years
with no limt on total costs.

e Utah Code exempts the purchase or lease of equipment used to generate electricity from
renewable resources (20 kW or greater) from the state sales tax; a facility that has its generation
capacity increased by one or more MW as a result of the machinery or equipment may also be
eligible for the exemption.

Inecentives for Residential and “Small Wind” Production:

» The Utah State Energy Program administers the Renewable Energy Systems Tax Credit for both
corporate and residential systems; the individual income tax credit for residential systems is 25%
of the reasonable installed system costs up to a maximum credit of $2,000 per residential systems;
the individual income tax credit for commercial systems less than 660 kW is 10% of the
reasonable installed costs up to $50,000.

e The City of St. George offers a rebate of $2,000 per kilowatt-AC (kW-AC) to customers who
install photovolaic (PV) systems or wind-energy systems between ] kW and 10 kW; the rebate is
limited to $6,000 for residential systems and $20,000 for commercial systems - all customers that
receive a rebate must also participate in the uvtility's net-metering program.

Interconnection and Net Metering Standards:

Utah's net-metering law requires all electric utilities and cooperatives to allow customers to connect
solar-energy systems, wind-energy systems and hydroelectric systems up to 25 kW to the grid;
maxinum enrollment is 0.1% of 2001 peak demand..

ENERGY SITING PROCESS

Power Siting Authority: There is no single Utah State government agency with primary
responsibility for electric generation plant siting. Public Service Commission of Utah, Utah
Division of Public Utilities and many others are included in the list and it is the developer’s
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responsibility to contact each agency to determine the necessary requirements for the specific
proposed project.

Wind Specific Siting Authority? No

Role of Staie Fish & Wildlife Agency: The Utak Department of Natural Resources, Division of
Wildlife Resources are listed as agencies that developers must contact for their specific project.

WiLDLIFE GUIDELINES FOR WIND
Wildlite Guidelines for Wind Power Siting: No Guidance
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VERMONT

BACKGROUND
Contact: Julie Moore, Agency of Natural Resources, (802) 241-3687, julie. moore@state.vt.us

Installed Utility Scale Wind Power: 6 MW

INCENTIVES FOR WIND DEVELOPMENT

Renewable Portfolio Standard: Yes — Renewable Energy meets load growth by 2012; draft
legislation to require 100MW from wind by 2017 but no action has been taken on the bill.

Incentives for Industrial or “Big Wind” Production:

The Vermont Department of Public Service (DPS) Clean Energy Development Fund Grant program
provides grants up to $250,000 for large-scale (greater than 15 kW), grid-connected renewable
energy systems (including wind), projects must provide a 50% match no more than 25% of which
can be in-kind - Pre-Project Financial Assistance is also available up to $25,000 with a 20% cash
match.

Incentives for Residential and “Small Wind” Production:

* Vermont has a sales tax exemption for renewable-energy systems up to 15 kW that are either net-
metered or not connected to the grid; on-farm systems up to 150 kW are eligible.

» The Vermont Depariment of Public Service (DPS) Clean Energy Development Fund Grant
program provides grants up to $60,000 for small-scale renewable energy systems (including wind
microturbines no greater than 15 kW), projects must provide a 50% match no more than 25% of
which can be in-kind - Pre-Project Financial Assistance is also available up to $25,000 with a
20% cash match.

* Vermont’'s Solar and Small Wind Incentive Program provides funding for new solar water
heating, solar electric (photovoltaic) and wind energy system installations; for wind, individuals
and businesses can receive $2.50/W DC (up to $4/W with Vermont-made components) up to
$12,500; Schools, farms, and local/state governments - $4.50/W DC, up to lesser of $20,000 or
50% of total installed cost,

Interconnection and Net Metering Standards:

Any electric customer in Vermont may net meter on a first-come, first-served basis after obtaining a
“Certificate of Public Good” from the Vermont Public Service Board (PSB) until the cunulative
capacity of net-metered systems equals 1% of the utility’s peak demand during 1996 or the peak
demand during the most recent full calendar year, whichever is greater; generating capacity is
generally limited to 15 kilowatts (kW) for systems however farm systems are allowed to net meter
systems up to 150 kW, ;
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ENERGY SITING PROCESS

Power Siting Authority: Vermont Public Service Board provides Certificate of Public Goad for all
wind power facilities except where it is operated solely for on-site consumption by the owner.

Wind Specific Siting Anthority? Yes

Code or Regulations: 30 V.S.A. § 248, 10 V.S.A. § 1424a(d) and § 6086(a)(1) through (8) and
XK

Role of State Fish & Wildlife Agency: The Vermont Agency of Natural Resources is a statutory
party to the proceedings of utility-scale projects subject to the reviewing authority of the Vermont
Public Service Board under state statute. In this capacity the Agency acts as an advisor to the Board
on matters pertaimng to natural resource protection, impact assessment, and mitigation associated
with public utility projects subject to their regulatory authority.

How are wildlife laws applied: Same as any other development project, different
standards/processes apply. Agency of Natural Resources can require mitigation

WiipLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Guidelines for the Review and Evaluation of
Potential Natural Resources Impacts from Utility-Scale Wind Energy Facilities in Vermont

Lead Agency on Guidelines: Vermont Agency of Natural Resources
Status of Wildlife Guidelines: Draft - April 2006

Summary of Guidelines: The draft voluntary guidelines establish a process for the Agency of
Natural Resources (ANR) to review proposals and applications for Certificates of Public Good
(CPGs) related to the development of utility-scale wind power facilities. The guidelines provide a
detailed outline of expectations for pre- and post-construction data collection as well as general
guidelines for construction, operation and maintenance of utility-scale wind facilities. Included are
recommendations for preliminary site assessment, resource analysis and inventory of wildlife
including rare, threatened or endangered species. ANR provides consultation, preferably at the
earliest stages of development, that includes site visits, review of initial resource assessments and
guidance on pre-construction studies and land management plans. Finally, the guidelines outline |
components of post-constniction studies and operational protocols with detailed information about
possible mitigation options should surveys find the project is having undue adverse impacts on the
natural environment,

Web site for Guidelines: hitp://www.anr.state.vi.us/site/hitml/plan/DrafiWindGuidehnes. pdf

Wind Power Skting, Incentives and Wildlife Guidelines in the United States, Page 114



Detailed Summary of Vermont’s Voluntary Guidelines

The initial resource assessment recommended by the Agency of Natural
Resources (ANR) includes a site analysis (including, water resource
features, ravines or gullies, highly erodible soils, slope in excess of 20% and
existing structures within 1,000 feet of facility), a wildlife habitat inventory
including an evaluation of bird and bat migratory activity, and a rare,
threatened or endangered species inventory using the VT Fish & Wildlife
Department database, and an aesthetic evaluation that takes into aceount
viewsheds and measures that will be taken to minimize nighttime lighting.
Pre-construction Pre-construction fish and wildlife surveys include radar and acoustical
survey studies for bird/bat migratory activity; surveys for rare, threatened or
endangered species, notes in particular Bicknell’s Thrush, Indiana Bat and
Small-footed Bat; a resident avian and breeding bird survey, diumal surveys
for raptors; wildlife habitat surveys including migratory corridors, black
bear feeding, deer and moose winter habitat; and identification of wetland
areas with significant or unique wildlife values. Land use evaluation should
include site location and existing site condition map, grading and drainage
plans, public access controls, and habitat restoration management and

reclamation plans.

Design/Operation None

Recommendations
ANR may recommend the developer hire an independent engineer to

Site DeVdOmeﬂlt oversee construction in particular with regard to erosion control and impacts

Recommendations to water quality and habitat.
Recommends a scoping meeting with the ANR to outline the components
that will be necessary for an initial resource assessment. After the initial
resource assessment, the more detailed agency consultation process begins
where ANR identifies a project coordinator and Agency team (including

. . stream and water quality experts, wetlands experts, fisheries and wildlife

Consultation with biologists, storm water staff and attorney(s)); the team reviews initial

wildlife agency, materials, takes a site visit and outlines scope and protocols for pre-

USFWS construction surveys. ANR reviews all pre-construction surveys and
coordinates testimony they will submit to the Public Service Board for
certificate approval. ANR will continue to be involved in reviewing post-
construction monitoring and may conduct independent surveys to improve
understanding of impacts of utility-scale wind facilities.

L

Wind Power Siting, Incentives and Wildlife Guidelines in the United States, Page 115



If post-construction surveys show adverse impacts the ANR may require
mitigation which may include modified operation {including seasonal shut-
downs, technological improvements, etc.), modified lighting, on-site habitat
management (including modification of vegetative cover or forest openings,
perching cr nesting sites, etc.), and habitat protection or compensatory
mitigation.

Mitigation
requirements

Post-construction surveys are likely to include bird and bat surveys
(possible research methods may include radar, acoustic, mortality, thermal
imaging); habitat fragmentation impact assessment, particular for black
Post-Construction/ bear, Bicknell's thrush and other nesting birds; operational protocols; and
Operational Surveys the role of adaptive management. Formal post-construction monitoring is
expected to take place for 3 to 5 years unless significant adverse impacts are
found where additional monitoring or operational changes may be
necessary.

Department of Public Service addresses decommissioning, but the ANR
Decommissioning will review site restoration plans and progress and will monitor restoration
L for invasive plant species for an estimated 5 years.
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VIRGINIA

BACKGROUND

Contact: Rick Reynolds, Virginia Department of Game and Inland Fisheries, (540) 248-9360,
Rick Reynolds@dgif.virginia.gov, P.O. Box 996, Verona, VA 24482

Installed Utility Scale Wind Power: None

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - State goal of 12% by 2022

Incentives for Industrial or “Big Wind” Production:
None

Incentives for Residential and “Small Wind” Production:

TVA Green Power Switch Partners Program - $500 plus $.15/kWh (residential/small-commercial)
or $0.20/kWh (large commercial) to purchase entire production of renewable power including wind;
systems must be 50 KW or less,

Intercennection and Net Metering Standards:
Virginia’s net-metering rules allow interconnection of renewable systems (10 k'W residential and
500 kW non-residential} up to 1% of a utility’s peak load for previous year.

ENERGY SITING PROCESS

Power Siting Authority: The Virginia State Corporation Commission provides a certificate of
convenience and necessity for siting new public utility facilities. Small wind power is regulated at
the local level only.

Wind Specific Siting Authority? No
Code or Regulations: Power Siting Law - 56-265.1 to 9

Role of State Fish & Wildlife Agency: With respect to wildlife, the VA State Corporation
Commission (SCC) has an MOU with the VA Dept. of Environmental Quality to review and
consider environmental issues conceming power projects in VA. DEQ compiles comments from
the other state natural resource agencies and provides these to the SCC for their consideration

How are wildlife laws applied: Same as any other development/utility project, State Threatened
and Endangered Species law and state code prohibits unauthorized take of wildlife. State cannot
require mitigation.
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STATE ENVIRONMENTAL POLICY ACT:
Code of Virginia §10.11188 through 1192, 1973

Overview:

The purpose of environmental review is to identify and evaluate the environmental effects of
proposed state facilities, and to guide facility siting and design decisions in order to protect
important environmental resources. The analysis needed to prepare an environmental impact report
helps agencies to assess the effects of development proposals, and to consider alternative actions
and mitigating measures to avoid or reduce adverse impacts. Information requirements include the
environmental impacts of the project, adverse environmental effects that are unavoidable, measures
taken to minimize impacts, any alternatives to the proposed construction and irreversible
environmental changes.

Projects Affected by Law:

The law applies to State agencies, boards, commissions, authorities, any branch of State
government, and state supported institutions of higher leaming. State agencies are required to
prepare and submit environmental impact reports for construction of facilities that will cost
$100,000 or more. The requirement also covers acquisition of land for construction, which includes
leases, and expansion of existing facilities.

Public Participation Provisions:
Public input is not directly solicited for projects. An environmental review is circulated among
state agencies as well as to localities and district commissions.

Applicability to Wind Development?
Wo - the law only applies to state built facilities.

Implementing Agency:

The DEQ’s Office of Environmental Impact Review coordinates the review process and prepares a
single state response for consideration by the Secretary of Administration, representing the
Governor.

WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: No state guidelines, state has been required to
develop potential siting areas and fish & wildlife considerations is expected to be part of that.
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WASHINGTON

BACKGROUND

Contact: Greg Hueckel, Assistant Director, Washington Dept. of Fish & Wildiife,
hueckgih@dfw.wa.gov,

Installed Utility Scale Wind Power: 818 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes - 15% by 2020

Incentives for Industrial or “Big Wind” Production:

The Bonneville Environmental Foundation (BEF) provides up to 33% of the funding, through
grants, loans, convertible loans, guarantees, and direct investments, for the capital costs for
installation of renewable energy, including wind, to Jocal governments, non-profits and tribal
governments in the Pacific Northwest (OR, WA, ID, MT); grants and investments may range from a
few thousand doliars for small installations, to significant investments in central station grid-
connected renewable energy projects.

Incentives for Residential and *Small Wind” Production:

» The Chelan County Public Utility District (PUD) Sustainable Natural Alternative Power (SNAP)
program encourages customers to install alternative power generators such as solar panels and
wind turbines up to 25 kW and connect them to the District’s electrical distribution system by
offering an incentive payment based on the system's production; the amount paid (up to a
maximum of $1.50 per kWh) depends on the total amount contributed by SNAP Purchasers
through the utility’s green pricing program and the total amount generated by all SNAP
Producers.

e The Okanogan County PUD SNAP with net metering program (modeled after the successful
Chelan County PUD program) encourages members to install renewable energy generators and
connect them to their utility’s electrical distribution system by offering an incentive payment
based on the sysiem’s production on a $/kWh basis (maximum payment is $1.00/kWh); the
production payment is in addition to any net metering credit the producer may receive from the
utilaty.

» Orcas Power and Light (OPALCO) provides a production-based incentive for residential and
commercial members who generate energy from wind and micro-hydroelectric sources, menibers
must sign an Agreement for Interconnection granting OPALCO rights to the system’s Green Tags
(renewable energy certificates) - for wind and microhydroelectric systems, the member receives
$1.50 per kWh for half of the estimated first-year production, at the end of the year, a “true up” is
paid based on the actual generation as determined by an OPALCO meter minus the initial
estimate; the total incentive may not exceed $4,500.

» The Northwest Solar Cooperative (NWSC) offers to purchase the rights to the environmental
attributes or “Green Tags” derived from grid-connected solar PV- or wind-generated electricity at
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a rate of $0.05/kWh through December 31, 2009; systems up to 25 kW are automaticaily
approved; > 25 kW approved on case-by-case basis.

» Washington has production incentives of 12¢ to 54¢ per kilowatt-hour (capped at $2,000 per
year) for individuals, businesses, or local governments that generate electricity from solar power,
wind power or anacrobic digesters. The incentive amount paid to the producer is adjusted
according to how the electricity was generated by multiplying the incentive by the following
factors; for electricity produced using a solar or wind generator equipped with an inverter
manufactured in Washington state: 1.2; for electricity produced using an anaerobic digester, by
other solar equipment, or using a wind generator equipped with blades manufactured in
Washington state: 1.0; for all other electricity produced by wind: 0.8. The state’s utilities will pay
the incentives and eamn a tax credit equal to the cost of those payments. The credit may not exceed
the greater of $25,000 or 0.25% of a utility’s taxable power sales. The incentive amount may be
uniformly reduced if requests for the incentive exceed the available funds.

» In Washington State, tax does not apply to the sales of equipment used to generate electricity
from wind, the exemption applies to labor and services related to the installation of the
equipment, as well as to the sale of equipment and machinery; eligible systems must have a
generating capacity of at least 200 watts

Interconnecfion and Net Metering Standards:

The Washington Utilities and Transportation Commission (UTC} adopted final interconnection
rules in March 2006 for all distributed-generation (D) systems up to 25 kW in capacity (WUTC is
currently developing interconnection standards for customer-owned DG greater than 25 kW in
capacity. Although the rules apply only to investor-owned utilities, the UTC has indicated that all
Washington utilities likely will adopt the commission’s rules. Washington’s net-metering law
applies to renewable energy systems up to 100 kW in capacity, all customer classes are eligible, and
all ntilities ~ including municipal utilities and electric cooperatives — must offer net metering. Net
metering is available on a first-come, first-served basis until the cumulative generating capacity of
net-metered systems equals 0.25% of a utility’s peak demand during 1996. This limit will increase
to 0.5% on January 1, 2014.

ENERGY SITING PROCESS

Power Siting Authority: The State Energy Facility Site Evaluation Council (EFSEC) has
jurisdiction over all major energy facilities (greater than 350 MW) and any sized renewable energy
facilities that choose to participate in the EFSEC review process. Local govemments permit smaller
projects and those that choose not to go through the EFSEC review. Projects are subject to State
Environmental Policy Act and the Washington Legislature passed HB 2402 in March 2006, which
provides for expedited review for those facilities that pass the State Environmental Policy Act
checklist for renewable energy applications.

Wind Specific Siting Authority? No
Code or Regulations: State Energy Facility Site Evalvation Council — Wash. Rev. Code

§§80.50.010 - 80.50.904 and Wash. Admin. Code chaps. 463-06 - 463-78; State Environmental
Policy Act — Wash. Rev. Code 80
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Role of State Fish & Wildlife Agency: Regulatory agency must consult with Dept. of Fish &
Wildlife and provide opportunity to comment on project through State Environmental Policy Act.
WDFW is one of 5 Agencies represented on EFSEC.

How are wildlife laws applied: There are no State Statutes that require protection of wildlife

habitat unless EFSEC process is selected. The State does not have authority to require mitigation

STATE ENVIRONMENTA} PoricyAcr
Revised Code of Washington 43.21C, Washington Administrative Code 197-11, 1971

Overview:

The State Environmental Policy Act (SEPA) requires all state and local governments to identify
and evaluate probable environmental impacts and develop mitigation measures that will reduce
adverse environmental impacts. If the project does not involve an agency action, or there is an
action but the project is exempt, environmental review is not required, if it does, a preliminary
assessment and proposal is begun. After review, the lcad agency issues cither a determination of
nonsignificance (DNS), which may include mitigation conditions, or if the proposal is determined to
have a likely significant adverse environmental impact, a determination of significance/scoping
notice (DS/Scoping) is issued which starts the environmental impact statement (EIS) process. The
EILS will analyze alternatives and possible mitigation measures to reduce the environmental impacts
of the proposal.

Projects Affected by Law:

SEPA environmental review is required for any state or local agency decision that meets the
definition of an “action” and is not categorically exempt. Actions are divided into two categories,
“project actions™ and “nonproject actions”. Project actions are agency decisions to license, fund, or
undertake a specific project including construction or alternation of public buildings or facilities,
private projects such as subdivisions, shopping centers, other commercial buildings, and industrial
facilities. Nonproject actions are agency decisions on policies, plans, and programs, including
adoption or amendment of: rules, ordinances, or regulations that will regulate future projects, such
as water quality rules, critical area ordinances, and other state and local regulations.

Public Participation Provisions:

If there is a determination of nonsignificance, the public has the opportunity to comment on the
finding and a DNS can be changed if comments provide new information in the decision. During
the EIS process, SEPA requires agencies to involve the public during the “scoping™ period, where
agencies, tribes, and the public are invited to comment on the range of altemnatives, areas of impact,
and possible mitigation measures that should be evaluated within the EIS (21 to 30 days); and the
draft EIS review period, where comments are requested on the merits of the altematives and the
adequacy of the environmental analysis (30 days with a possible 15 day extension). Agencies may
take action on the proposal seven days after the final EIS has been issued.

Applicability to Wind Development?
Yes, through the permit process with the State Energy Facility Site Evaluation Council orifit is a
small project through the local jurisdiction.

Implementing Agency:
Department of Ecology’s SEPA Unit
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WILDLIFE GUIDELINES FOR WIND
Wildlife Guidelines for Wind Power Siting: Baseline & Monitoring Studies for Wind Projects

Status of Wildlife Guidelines: Final - August 2003

Summary of Guidelines: The voluntary Wind Power Guidelines are used by the Department for its
comments on wind energy projects through the State Environmental Policy Act. The guidelines
outline pre-project assessment with the goal of avoiding or minimizing avian and bat mortality. It
also provides information on operational monitoring after construction and recommends the
establishment of a Technical Advisory Committee to review monitoring data and make adaptive
management recommendations. The guidelines also provide alternatives for mitigation by directing
development to previously disturbed habitats (as opposed to undisturbed native habitat) and
provides ratios for replacement habitat as mitigation for projects. In addition, it provides an
alternative mitigation option to streamline the mitigation process and ensure that mitigation dollars
are spent on acquiring, restoring and managing strategically important habitat. Over the course of
this next year, Washington State’s “Wind Power Guidelines” document will be re-evaluated and
updated as nceded to ensure the document accurately describes wind power development impacts
on Washington’s natural resources and their habitats, while providing guidance to avoid, minimize
and ultimately mitigate for those impacts. The current document is comprised of three sections that
relate to monitoring (pre and post construction), conventional mifigation and altemative mitigation,
We expect to broaden these categories and address additional issues in the update. Potential new
issues may include buffers and set backs, mrbine construction methods, survey protocol, micro-
siting, abandonment plans and adaptive management plans.

‘Web site for Guidelines: http://wdfw wa.gov/hab/engineer/windpower/index.htm

Detailed Summary of Washington’s Voluntary Guidelines

Pre-project assessment studies are recommended to coliect information
suitable for predicting the potential impacts of the project on wildlife and
plants Specific components include information review, habitat mapping,
raptor nest survey (at least one nest site survey during breeding season
within 1 mile of project site), general avian use surveys (At a minimum one
full season of avian use surveys, particularly during spring/summer;
additional seasonal snrveys may be necessary), and surveys for threatened,
endangered or sensitive species.

Pre-construction
survey

Developers should design the project layout so that Impacts on biological
resources are avoided and minimized. Specific design recommendations
mclude: use of tubular towers to redyce the ability of birds to perch on
towers and reduce the risk of collision (discourage the use of lattice towers
with horizontal cross-members or towers that use guy wires), discourage the
use of rodenticides to control rodent burrowing around towers, minimize
nse of overhead power lines or use designs that avoid and minimize impacts
to raptors and other birds (e.g., adequate conductor spacing, use of perch
gnards), minimize the use of lights on towers because they may attract
flying wildlife to the vicinity of the turbines in certain conditions.

Diesign/Operation
Recommendations
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Site construction should be done to avoid or minimize impacts to biological
resources. Specific recommendations include: encourage development in
agricultural and already disturbed lands, including using existing
transmission corridors and roads where possible, and to encourage the
protection of priority habitats; avoid high bird concentration areas,

Site Development especially concentration areas of sensitive status species, and breeding sites;
Recommendations | encourage the control of noxious weeds and the control of detrimental
weedy species that invade existing habitat as a result of disturbance from
construction and operation; encourage the requirement of a complete road
siting and management plan, including vehicle-driving speeds that minimize
wildlife mortality; and encourage the requirement of a fire protection plan.

A Technical Advisory Committee (TAC) is recommended to be responsible
for reviewing results of monitoring data and making suggestions to the

Consultation with permitting agency regarding the need to adjust mitigation and monitoring

wildlife agency, requirements based on results of initial monitoring data and available data

USFWS from other projects. Potential members include state and federal wildlife
agencies, the developers, environmental groups, landowners, and county
representatives

The Guidelines have very specific mitigation recommendations for
permanent habitat impacts and temporary impacts, no mitigation will be
required for development in already disturbed areas. For mitigation through
acquisition of alternate habitats WDFW recommends like-kind (e.g., shrub-
steppe for shrub-steppe; grassland for grassland) and/or of equal or higher
habitat value than the impacted area, with legal (conservation easement, fee
acquisition) protection of the habitat in the same geographic area as the
project that will protected from degradation during the life of the project.
Specific ratios of acquired mitigation habitat to destroyed habitat are
recommended; the ratios are lower for mitigation for temporary impacts and
restoration of habitat from temporary impacts is encouraged. The
guidelines also include an alternative mitigation pilot program where
developers would pay an annual fee of $55/acre/year (adjustable up or down
up to 25% depending on habitat quality) to WDFW for each acre of habitat
that would be owed using the conventional mitigation requirements.

Mitigation
requirements

Monitoring studies, such as carcass surveys, using current state-of-the-art

. protocols are required to determine the actual direct impacts of the wind

P ost»anstructlon/ farm on birds. The duration and scope of the monitoring should depend on
Operational Surveys | 4. gize of the project, and the availability of existing monitoring data at
projects in comparable habitat types.

Decommissioning None
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WEST VIRGINIA

BACKGROUND

Contact: Curtis Taylor, Chief Wildlife Resources, WV Dept. of Natural Resources, 304-558-2771,
curtistaylor@wvdnr.gov

Installed Utility Scale Wind Power: 66 MW

INCENTIVES FOR WIND Dl_f VELOPMENT
Renewable Portfolio Standard: No

Incentives for Industrial or “Big Wind” Production:

West Virginia has reduced the Business and Operation Tax (B&O) on utilities using wind-power
generation from 40% of the generating capacity of the unit to 5% of the wind turbine generating
capacify. For the purposes of property tax assessment, utility-owned wind projects are considered
to have a value equal to their salvage value, lowering the property tax basis from 100% to 5% of
assessed value.

Incentives for Residential and “Small Wind” Production:
None

Interconnection and Net Metering Standards:
West Virginia allows net-metering for systems up to 25 kW up to 0.1% of the utility's total load
participation.

ENERGY SITING PROCESS

Power Siting Authority: State Public Service Commission has sole authority to regulate
development though local government can exert authority through zoning laws,

Wind Specific Siting Authority? No

Role of State Fish & Wildlife Agency: State Public Service Commission requires wildlife
assessments in their siting review, but the Department of Natural Resources is not involved in the
review, WYV Department of Natural Resources (DNR) has the same rights as the public and can
intervene and provide testimony regarding concerns, but no formal role.

How are wildlife laws applied: Same as any other development project. The DNR has the ability
to require mitigation through replacement costs for impacts to mammals and birds that are taken
above any threshold set by the agency.
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WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Wildlife Assessments are required by the Public
Service Commission through the siting process in the Rules Governing Siting Certificates. The
agency is considering drafting guidance for the wind power industry that addresses the many
wildlife issues brought forward by the wind industry.

Status of Guidelines: Final

Summary of Guidelines: The Public Service Commission inchudes some wildlife related
requirements in their siting review, the guidelines are mandatory under siting law. Applicants are
required to perform bird and bat assessments for the area as well as consult with the DNR and U.S.
Fish and Wildlife Service (FWS) on threatened and endangered species issues. The siting
certificate also requires a post-construction survey one year after the facility goes into production.
There are some design and construction requirements, but none are related to wildlife

considerations,

Weh site for Guidelines: http://www.wvsos.com/csrdocs/worddocs/1 50-30.doc

Detailed Summary of West Virginia’s Siting Rules

Pre-construction
survey

Applicants are required to file copies of, and state the results of, a Spring
and Fall avian migration study; a Phase I Avian Risk Assessment, and a risk
assessment regarding bats; and an avian and bat lighting study from
empirical data available on similar facilities.

Design/Operation N
Recommendations one
Site Development N
Recommendations one

Consultation with
wildlife agency,

Applicants are required to file an affidavit listing any and all permits that
the applicant will be required to obtain from the US Fish and Wildlife
Service, the West Virginia Department of Natural Resources, or any other
governinent authority, with respect to threatened or endangered species. If
the the applicant shows that it is not required by other governmental

USFWS agencies to follow any process or permitting requirements with respect to
threatened or endangered species, other parties may petition the
Comumission to consider the impact on species.

Mitigation

requirements None
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After the facility has been in operation for one year, the applicant shall
perform and file with the Commission the results of an avian and hat
lighting study conducted for one year after operation begins.

Past-Construction/
Operational Surveys

Applicants must describe post useful life demolition, removal, disposal, and

Decommissioning restoration plans for facilities.
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WISCONSIN

BACKGROUND
Contact: Steve Ugoretz, DNR Office of Energy, (608) 266-6673, steven.ugoretz@dnr.state.wi.us,

Installed Utility Scale Wind Power: 53 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewable Portfolio Standard: Yes (goal) - 10% by 2015

Incentives for Industrial or “Big Wind” Production:

Wisconsin Focus on Energy offers several grant programs to support the development of renewable
energy, Feasibility Study Grants provide financial support for assessing the feasibility of using
renewable-energy systems, up to 50% of project costs will be funded, with a maximum grant of
$10,000; Implementation Grants provide financial support for large renewable-energy projects,
grant amounts are based on a calculated estimate of the quantity of electricity and/or thermal energy
the system will produce in one year - for wind energy systems, the maximum amount is 35% or
$45,000; maximum system size of 250 kW

Incentives for Residential and “Small Wind” Production:

¢ In Wisconsin, any value added by a solar-energy system or a wind-energy system is exempt from
general property taxes.

¢ Focus on Energy offers Cash-Back Rewards for installing or expanding renewable-energy
systems on businesses and homes, ayments are based on the estimated amount of electricity or
thermal energy produced annually by an eligible system, maximum cash-back for wind energy
systems (20 kW or less) is 25% of project cost or $35,000.

¢ Wisconsin Public Power, Inc member utilities offer low-interest loans (from $2,500 to $20,000, at
an interest rate of 1.99%) for renewable-energy systems (including wind up to 20 kW) to
residential and small business customers, loan terms vary from three to 10 years.

» Wisconsin Public Power, Inc. (WPPI) utilities offer rebates for renewable-energy systems to
residential and small commercial customers; for qualifying wind-energy systems rated 20 kW or
less, eligible customers will receive a rebate equal to 25% of the system's cost, with a maximum
incentive of $10,000; customers may also receive a rebate for 75% (up to $375) for a renewable
energy site assessment and 50% rebate (up to $2,500) for both routine maintenance as well as
major system repairs.

Interconnection and Net Metering Standards:

Wisconsin's inierconnection standards cover all distributed generation (DG) facilities up to 15
megawatts (MW) in capacity. All regulated utilities allow net metering to customers that generate
electricity with systems up to 20 kilowatts (kW) in capacity, We Energies allows wind energy
systems up to 100 kW
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ENERGY SITING PROCESS

Power Siting Authority: Public Service Commission of Wisconsin (PSC) provides Certificate of
Public Convenience & Necessity for projects over 100MW and these projects also require an EIS.
PSC Certificate of Authority may be necessary for smaller facilities depending on project cost.
Smaller projects may be subject to local approval where zoning regulations include wind energy
provisions.

'Wind Specific Siting Authority? No

Code or Regulations: Wis. Stat. ch. 196.491. Includes environmental, socio-economic and power
system considerations

Role of State Fish & Wildlife Agency: Department of Natural Resources (DNR) has a cooperative
agreement with PSC to ensure cooperative review and approval of energy projects. Envirommental
review is centralized in DNR’s Office of Energy.

How are wildlife laws applied: Same as any other utility project, wildlife considerations are
balanced against other factors. The DNR has the ability to require mitigation through the PSC
siting statute.

STATE ENVIRONMENTAL POLICY ACT

Wisconsin Environmental Policy Aet - Wisconsin Statutes, Ch. 1, 1.11(1) through 1.11(5),
Wisconsin Administrative Code, NR 150.01 through NR 150.40, 1972

Overview:

The Wisconsin Environmental Policy Act {WEPA) requires the DNR and other state agencies to
gather relevant environmental information and use it in their decision-making. Each state agency
makes its own rule to implement WEPA, including a list categorizing actions as: Type 1 —
Environmental Impact Statement (EIS) automatically required, Type 2 - environmental assessment
(EA) prepared {(may conclude EIS is needed), Type 3 - press release indicating no other WEPA
documents were required, Type 4 - no notice or other action required. Agencies must look at
appropriate alternatives to the particular course of action they are proposing. If the action is a
“major action significantly affecting the quality of the human environment,” the law requires
agencies to consult with other agencies about possible environmental impacts, prepare and circulate
an EIS, and hold a public hearing. EA’s are similar to EIS’s in both content and process, the
primary difference is the requirement for a formal administrative hearing on an EIS,

Projects Affected by Law:
WEPA applies only to the actions of state agencies. It does not apply to local governments or
private parties unless their actions involve state agency regulation or funding.

Public Participation Provisions;

The public has the opportunity to comment on the EA prior to the decision to do an EIS. When an
EIS is completed, the draft is circulated and available to the public for comment for 45 to 90 days.
The DNR is required to hold a public informational hearing not less than 30 days after issuance of
the EIS on the proposed action and the FIS prior to making its decision.
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Applicability to Wind Development?

Yes through state regulatory process or possibly state funding (Wlsconsm has several incentive
programs for wind energy). If a certificate is required by the Public Service Commission (generally
for power generating projects over 100 MW) then the PSC’s WEPA rules apply, otherwise, the
DNR would be responsible for the EIS throngh their Type categories.

Implementing Agency:
Department of Natural Resources Science Services unit

WILDLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: Considering Natural Resource Issues in Wind Farm
Siting in Wisconsin

Status of Wildlife Guidelines: Final - August 29, 2005

Summary of Guidelines: Voluntary guidelines outline specific habitat types and areas that need to
be considered when siting wind farms. Recommends site characterization studies that consist of
identifying habitat resources, the communities and species likely to use them, and the numbers and
timing (seasonal & daily) of use. Recommends using U.S. Fish & Wildlife Service and National
Wind Coordinating Collaborative guidelines for wildlife studies. Developers encouraged to contact
DNR Office of Energy early in the process to coordinate with agency wildlife and endangered
resource experts. Outlines potential mitigation measures to minimize collisions and recommends
use of Avian/Power Line Interaction Committee (APLIC) technologies. Recommends monitoring
and evaluating collisions and mortalitics for 2 years, to determine of modifications to the wind farm
or mitigation 1s necessary, and encourages an adaptive management approach.

‘Web site for Guidelines: hitp://dnr. wi.gov/org/es/science/energy/wind/guidelines.pdf

Detailed Summary of Wisconsin’s Voluntary Guidelines

Recommends identifying viable development sites that use GIS mapping
with overlays of wildlife areas, migration corridors, current or proposed
major state ecosystem acquisition or restoration areas, state and local parks
and recreation areas, active landfills, wetlands, wooded corridors, major
tourist/scenic areas, and airport landing strip or other lighted areas. Using
the maps should identify potential areas and allow recommended setbacks
from areas of potential concern. Site characterization studies to identify
habitat resources in the area, the communities and species likely to use
them, and the numbers and timing (seasonal and daily) of use should be
conducted. Wildlife surveys should characterize resident and migratory
bird and bat populations on a seasonal and day/night basis, including
migrations and breeding seasons. Use by raptors, waterfowl, shorebirds and
wading birds, gulls and terns, songbirds and bats should be evatuated for at
least one year, with emphasis on the Spring and Fall migrations.

Pre-construction
survey
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Design/Operation
Recommendations

Mitigation measures proven to minimize collisions and mortality should be
designed into the wind farm. Towers and electric lines should also be sited,
designed, and installed using measures to reduce the likelihood of bird and
bat mortality. Placing electric lines underground is highly recommended, as
is the use of perch guards cn above ground poles, and other
Avian/Powerline Interaction Committee {APLIC) endorsed technologies.
An adaptive management approach to planning, design, construction and
operations is highly recommended.

Site Development
Recommendations

None

Consulfation with
wildlife agency,

Potential wind farm developers are strongly encouraged to contact the DNR
Office of Energy early in the process to get in touch with agency wildlife
and endangered resources experts. The site study plan should be submitted

USFWS in advance to the DNR and discussed with staff experts to ensure its
acceptability.

Mitigation

requirements None

Post-Construction/
Operational Surveys

Bird and bat use and interactions with wind turbines and supporting
facilities should be monitored for an adequate period (at least two years is
recommended) after installation, using accepted standard methods. This
should be done for the first wind farms in any ecological region of the state.
The monitoring should evatuate any collisions and mortality that occur to
determine whether the facility can be modified to prevent future collisions,
or if mitigation is needed. Wildlife avoidance and other behavioral changes
should also be evaluated.

Decommissioning

None
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BACKGROUND

Contact: Vern Stelter, Wyoming Game & Fish Department, (307) 777-4587,
Vern. Stelter@wgf state.wy.us

Installed Utility Scale Wind Power: 288 MW

INCENTIVES FOR WIND DEVELOPMENT
Renewabie Portfolio Standard: No

Incentives for Industrial or “Big Wind” Production:

Wyoming exempts equipment used to generate electricity from renewable resources (limited to
equipment to make a system operational up to the point of interconnection with an existing
transmission grid) from the state excise tax.

Incentives for Residential and “Small Wind” Production:
None

Interconnection and Net Metering Standards:

Wyoming’s net-metering law includes basic interconnection requirements for systems up to 25
kilowatts (kW) in capacity that generate electricity using solar, wind, hydropower or biomass
resources; there is no overall enroliment level specified.

ENERGY SITING PROCESS

Power Siting Authority: State Industrial Siting Council, if capital construction costs exceed $160
million (amount adjusted based on construction costs)

Wind Specifie Siting Authority? No
Code or Regulations: W.S. 35-12-104

Role of State Fish & Wildlife Agency: Wyoming Game and Fish Department is asked for input on
what requirements they would like to have included in the permit (monitoring, siting considerations,
impact mitigation). If the Council agrees, those requirements become part of the permit,

How are wildlife laws applied: Same as any other development project. The Industrial Siting
Council has the anthority to require mitigation in the permit,

Wi DLIFE GUIDELINES FOR WIND

Wildlife Guidelines for Wind Power Siting: No formal guidance, projects are dealt with on a case
by case basis. Agency typically asks for monitoring of impacts on wildlife (the specifics depending
on the site), some siting considerations (e.g., towers built back from ridge edges), and mitigation for
unavoidable losses.
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Calculating wind power's environmental benefits
June, 2009 '

Summary

Energy analyst Tom Hewson provides detaﬁ’s'on new wind power generation and whether
the C/alh:‘ed benefit of avoided emissions s overstatéd.

It's commonly believed that new wind power generation will displace coal and natural gas-fueled power
plants and thereby avoid all their associated greenhouse gas (GHG) emissions such as carban dioxide
(CO32), nitrous oxide (NOX) and sulfur dioxide (S02). The benefits of these avoided emissions have
become a major factor in wind developers gaining public support for their plans to site wind farms. These
purported benefits also are the reason for the Iarge subsidies governments have prowded to offset wind's
higher power producticn costs.

Unfortunately, some of these environmental claims are built upon incorrect -assumptions about how u.s.
environmental regulations actually work and the type of generation a new wind project will displace. On
any given power project, the benefits of avoided air emissions can be calculated as the simple difference
betwean whether a designated project is built versus if the project is not built. This simple calculation
has been incorrectly done by several renewable project developers and their consultants. Their mistakes
have led them to incorrectly claim large air emission benefits from building new wind facllities.

Effects of Environmental Regulatlon

Any analysis of the benefits of avolded air emisslons must first correctly account for existing
environmental regulations and their impact on utility emissions. Much of the power industry's emissions
are currently regulated under strict emission cap and trade programs. Under this framework, the
government establishes an emissions tonnage cap. This cap is enforced by issuing a specified number of
allowances that can be allocated andfor purchased hy affected emission sources, Alf affected emitters
must hold sufficient allowances to cover their emissions of the regulated poilutant. Since the number of
distributed allowances is constant, the industry's total regulated emissions will not change based upon
the generation mix or renewable generation level. Any displaced generator can sell its unused allowance
credits to ancther powar provider, enabling this entity to emit even more. Therefore, any air pollutant
subject to a cap and trade program may be displaced but nat avolded.

Currently, all power plants in the Lower 48 states are subject to an existing SO2 cap and trade program.
In addition, power plant NOX and €02 emissions are also subject to existing and/or future regional cap
and trade programs as shown in Figures 1 and 2. Therefore, no new Northeastern or Midwestern wind
project can offer any incremental avoided emission benefit of CO2, NOX or 802. If Congress adopts a
national CO2 cap and trade program as part of clirmate change IegisEatlon wind projects may no !onger
claim any additional future incremental avoided CO2 emission benefit in the United States.

Second, many studies advocating avoided emissions benefits from wind power incorrectly model the two
cases (with-and W|thout the identified pro;qect) Two common mistakes are made:

Project operating period: Most analyses compare a wind project's cutput distribution over a prior
historical year, The proper comparison is to look at it over the time the project will operate. Given that
the generation mix constantly changes with time; displaced units on the margin continue to get cleaner
as stricter environmental requirements are adopted, This trend is illustrated by an annual analysis of
marginal emission rates by ISO New England (2006 New England Marginal Emission Analysis, September
2008, 1SO New England) to calculate benefits of energy efficiency measures (Figure 3). Therefore, by
selecting any historic year, one will tend to overesttmate any d[splaced emassmns

Closed and protected renewable power markets: Developer analyses sometimes incorrectly

calculate the baseline emissions (ne project case). By selecting a historical year, the baseline has nc new
facilities, so the wind project generation would be repiaced with conventional fossil fuel generation
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sources. This assumption is incorrect for closed power markets where projects are built to meet a
renewable portfolio standard (RPS), such has been adopted in 28 states (Figure 4) or if a new national
renewable portfolio standard Is adopted by Congress.

Any analysis of wind power's potential for emissions displacement must begin with a distinction between
the 28 states with an RPS in place and those without one. Renewable standards set aside a protected
portion of the market that can only be met by qualifying renewable sources. Since renewables are not
yet competitive in the open market with fossil fuels, aH wind projects currently being built are to meet
this spec1a| set-aside market demand,

In these states, the proper comparison is not to look at wind versus coal or gas, but wind generation

. versus other qualified renewable technologies competirig for this special set-aside market (in other -

* words, solar, biomass, geothermal, landfill gas). If wind were not used, utilities would replace it with
another qualifying renewable resource in an effort to meet RPS goals. For these markets, displaced
emissions for a given wind project will be the net difference between the project emissions (zero) and
other competing renewable project emissions such as solar, geothermal or hiomass that would also be
zero. .

Therefore, no av0|ded alr emission benef‘ t exists if. wind generation dlsplaces another renewable pl‘O]ECt
generat|on to meet a state (or future national) renewable portfo!io standard.

Open Power Markets

Until a LS. carbon cap and trade program and/or national RPS is adopted by Congress, only a few select
areas remain in which wind could even compete in an open power market and create potential avoided -

~ €CO2 emission benefits. In these few areas, new wind generation will displace highest incremental cost
generation on the regional power pool margin. This regional marginal generator constantly changes -
throughout the day due to continuing load fluctuations. This constantly changing power market makes it
extremely difficult to predict what resources would be displaced througheut a given year.

Without use of a regional dispatch model in combination with the project generation profile, wind
developer consultants may make simplified and often flawed assumptions. These assumptions often
center on displaced generation being elther coal-fired generation or a weighted average regional blend of
fossil fuel generation. Given that higher cost gas and cil can be on the margin, a weighted average fossil

- fuel mix that better reflects the dominant baseload generation resources (more heavily coal based)
produces an overestimated picture of displaced emlssmns for their selected h:storacal penod This is also
an error as previously outfined. )

For example, a report for the DOE's Clean Energy/Air Quality Integratlon Initiative uses EPA emissions
data to analyze the aggregate avoided emissicns. of three proposed wind projects with 160 MW of
capacity in a mid-Atlantic state. Since no site-specific data exist for the three plants, the report used
"typical performance data on comparable wind generation facilities” and determined marginal differences
-existed.: Additionally, since hourly generation records from comparable fossll fuel plants are not avallable,
“the study constructs it using hourly CO2 emissions and generation average COZ emission rates per
-megawatthour as reported to the EPA. The report's methodofogy compares typical hour-by-hour
generation output of wind plants and fossil-fueled units in the regional power market. Hour-by-hour

- analysis proves difficult and inaccurate because the marginal generating unit changes frequently due to
Ioad fluctuations over the course of the day.

Despite the report's tendency to overlook the incompleteness and general inadequacy of its data, the
-authors leave little room for doubt in concluding that when wind energy is available, it will dispiace
generation at high operating cost fossii-fueled units, Unfortunately, the methodology used to calculate
the fossil fuel-weighted average emission rate and its inherent displaced emissions does not reflect this

~ observation. The paper snmply states the emnssuons from those fossil fuel generating units are then

- avoided. _ .

Impact of Wind Variability

While wind energy may be able to d|splace some fossil fuel emissions in an open power market
integrating it into a generation mix poses additional problems that offset a portion of any projected
benefits, Electric gnds_ require reliable power delivery to meet thelr grid reserve margins. Wind's nature
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means it contributes little towards meeting a grid's reserve margin capacity requirements. To
_compensate for wind's limited capacity ¢redit, regional power providers must still build additional capacity -
-usually gas-powered units-to make up for gradual yet nonetheless significant swings in wind energy
output to achieve regional reserve margin requirements.

In Cost and Quantity of Greenhouse Gas Emissions Avoided by Wind Generation, Peter Lang
analyzes the challenges associated with using gas turbines as back-up- units to meet power shortages
caused by wind's unpredictability. He details two classes of gas-powered turbines, open cydle gas turbine
(OCGT) and combined cycle gas turbine (CCGT) as best able to follow the load changes created by wind
power. While OCGT may be well-suited to back up wind, doing so becomes more expensive and actually
produces a negl:glble reduction in GHG emissions when compared to using a cleaner burning CCGT plant - -
alone.

"Because wind-cannat be called up on demand, especially peak demand, installed wind generation does
not reduce the amount of Installed conventional capaqty required,” Lang states. "Wind is simply an
acld;tlonal capltal nvestment.”

To estimate wmd s potential to diSplace emissions and its inherent costs, Lang compares CCGT plants.
versus wind generation plus OCGT back-up. For wind and OCGT to generate the same amount of power, -
it would only be 11 percent less carbon intensive and more than double the cost (Table 1). ,

Finally, proponents who suggest that wind is able to entirely dlsplace C02 overlook a fact fundamental to.
energy generation: wind's unpredictability means it truly has no generating capacity value and its
construction will not displace building any new coal or natural gas generating capacity. Grid reserve
margins réquire wind back up and the inefficiency of quickly fi Iring up a natural gas unit to meet erratic
wind generation output means any emissions displacement Is minimal. Wind is simply an additional
capital cost which proves to be more than twice as expensive for the ratepayer.

Conclusions

Any analysis of wind power's potential to displace fossi fuel generation must first correctly reflect current
environmental regulations. Any air pollutant subject to a cap and trade program cavering SO2, NOX and
regional CO2 may be displaced but not avoided. Emission lavels will remain at the same capped levels -
with or without wind project development. With the eventual implementation of a federal cap and trade
law regulating CO2 emissions appearing likely, wind power will fikely offer no future incremental
greenhouse gas emission reduction benefit. '

‘One must also distinguish between closed market states with renewable portfolio standards and those
open market states without them. Those competing in these closed set-aside protected markets are
competing against other renewable projects and not in the open market against lower cost conventional -
power sources. In these cdosed markets, no incremental carbon reduction benefits exist between
competing renewable power projects. However, these closed power markets were established though
regutation and/cr legislation and their creation carved out a portion of the open market that reduced the
demand for conventional power generation and non-capped fossi fuel emissions. In any case, any
avoided emissions benefit is not attributable to a single wind developer, but to regulatory action that has
created the closed market for wind and other renewables.

Creatling a federal renewable portfolio standard would create a nationwide closed market for renewables,
meaning wind projects would again offer no incremental emissions benefits given their direct competition -
with other renewables and not coal or natural gas. Unfortunately, many of the claims made regarding
wind's supposed avoided air benefits are overstated

Authors: Thomas Hewson Jr. is a principal with Energy Ventures Ana/ysrs of Arlington Va. where he
-directs the firm’s environmerital consulting practice: His experience spans more than 32 years evaluating
environmental issues refated to energy use for DOE, EPA, EPRI, major electric utilities, fuel supplers,
equipment vendors, utility cornmissions, investrnent frms and ditizens groups. He ho/ds & BSE in avil-
engineering from FPrinceton University.

" David Pressman is an Analyst for Energy Ventures Analysis and holds a bachefar of aﬁs degree from the
© University of Rochester.
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Preface

The Public Interest Energy Research (PIER) Program supports public interest energy
research and development that will help improve the quality of life in California by
bringing environmentally safe, affordable, and reliable energy services and products to
the marketplace.

The PIER Program, managed by the California Energy Commission (Energy
Commission}, conducts public interest research, development, and demonstration
(RD&D) projects to benefit the electricity and natural gas ratepayers.

The PIER program strives to conduct the most promising public interest energy research
by partnering with RD&D entfities, including individuals, businesses, utilities, and
public or private research institutions.

PIER funding efforts are focused on the following RD&D program areas:

» Buildings End-Use Energy Efficiency

¢ Energy-Related Environment Research

« Energy Systems Integration

+ Environmentally Preferred Advanced Generation

+ Industrial/Agricultural/Water End-Use Energy Efficiency
+ Renewable Energy Technologies

+ Transportation

Permitting Setback Requirements for Wind Turbines in California is an interim report for the
Windplant Optimization project {contract number 500-02-004, work authorization
number MR-017) conducted by the California Wind Energy Collaborative. The
information from this project contributes to PIER’s Renewable Energy Technologies
program.

Please cite this report as follows:

Larwood, Scott, and van Dam, C. P. {California Wind Energy Collaborative). 2006.
Permitting Setback Requirements for Wind Turbines in California. California Energy
Commission, PIER Renewable Energy Technologies. CEC-500-2005-184.
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Abstract

The California Wind Energy Collaborative was tasked to lock at barriers to new wind
energy development in the state, Planning commissions in the state have developed
setback standards to reduce the risk of damage or injury from fragments resuiting from
wind turbine rotor failures. These standards are usually based on overall turbine height.
With the trend toward larger capacity, taller towers and longer blades, modern wind
turbines can be “squeezed out” of parcels thus reducing the economic viability of new
wind developments,

Current setback standards and their developiment are reviewed. The rotor failure
probability is discussed and public domain statistics are reviewed. The available
documentation shows rotor failure probability in the 1-in-1000 per turbine per year
range. The analysis of the rotor fragment throw event is discussed in simplified terms,
The range of the throw is highly dependent on the release velocity, which is a function
of the turbine tip speed. The tip speed of wind turbines does not tend to increase with
turbine size, thus offering possible relief to setback standards. Six analyses of rotor
fragment risks were reviewed. The analyses do not parficularly provide guidance for
setbacks. Recommendations are made to use models from previous analyses for
developing setbacks with an acceptable hazard probability.

Keywords: Wind turbines, wind power, wind energy, permitting, zoning, ordinances,
hazards
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Executive Summary

Introduction

California counties have adopted setbacks for wind turbines primarily to account for the
risk of fragments from the rotor. These setbacks are usually based on overall turbine
height, which includes the tower height and the radius of the blade. With evolution in
the industry to larger turbines, these setbacks increase in total distance and become a
hindrance to wind energy development. The authors present a hypothetical example
where the total energy production of a windplant is reduced with the application of
larger, modern turbines.

Purpose

The purpose of this report is to summarize wind turbine setbacks in California and to
describe any connection between rotor failure and windplant setback requirements.

Project Objectives
The objectives of this study of wind turbine setbacks were to:

e Document and compare current wind turbine setbacks in California

Report on how the setbacks were developed

Report on the probability of rotor failure

Study existing analyses of the rotor fragment hazard and determine if setback
criteria can be developed with existing information. ‘

Project Oufcomes
The outcomes of the project were:

» The authors gathered information regarding turbine setbacks by interviewing
county planning personnel, studying the county ordinances, and conducting a
literature search of the subject. Wind turbine setbacks were documented for
California counties with existing and future wind energy development,
including Alameda, Contra Costa, Kern, Merced, Riverside, and Solano counties.
Comparisons were made between the various ordinances.

» From this data the authors developed a picture of how the turbine setbacks were
established. The majority of the ordinances were developed by ad hoc groups of
local interests and the fledgling wind energy industry.

» The authors conducted a literature survey regarding the probability of rotor
failure. Several sources of Information were obtained. These include failure
reports of turbines in Alameda County, failure data from Denmark and Germany
reported in the WindStats periodical, and a Dutch report on European rotor



failures. The probability of rotor failure varied from 1-in-100 to 1-in-1000
turbines per year.

» The authors present a simplified analysis of the rotar fragment hazard to
compare to more complex analyses. The analyses of six researchers were found
in a literature survey of varying complexity. Results were compared to determine
if setback criteria could be developed.

Conclusions

Wind turbine setbacks vary by county. The counties typically base the setback on the
maximum of a fixed distance or a multiple of the overall turbine height. A common
setback is three times the overall turbine height from a property line.

There is no evidence that setbacks were based on formal analysis of the rotor fragment
hazard.

The most comprehensive study of wind turbine rotor failures places the risk of failure at
approximately 1-in-1000 turbines per year.

The maximum range of a rotor fragment is highly dependent on the release velocity that
is related to the blade tip speed. Tip speed tends to remain constant with turbine size;
therefore, the maximum range will tend to remain constant with turbine size. In the
analysis of rotor fragment trajectories, the most comprehensive models yielded results
that showed the shortcomings of simpler methods. Overall, the literature shows the
possibility of setbacks for larger furbines may be based on a fixed distance and not the
overall height.

Recommendations

The authors recommend that a comprehensive model of the rotor fragment hazard be
developed based on the results of the literature review. This tool would then be used
with a variety of turbine sizes with the objective to develop risk-based setback
standards.

Benefits to California

The information provided in this report can be used by California planning agencies as a
background for evaluating wind turbine setbacks. Researchers can also use the
information as background for developing models of the rotor fragment hazard.



1.0 Introduction

1.1. Background and Overview

California has played a pivetal role in the creation and evolution of the wind-based
electric power generation industry. Wind power is unique in the visibility and exposure
to the public as compared to other forms of power generation. By necessity,
communities have become involved in planning for the development of wind power in
their jurisdiction. Both the regulation and technology of wind power evolved together in
the last two decades.

Particular attention was made to protect the public from hazards. With the advent of a
new technology, the probability of failure tends to be higher because the physics are not
well understood. The engineering of the technology must also be balanced with
econormics, and the balance is very tenuous at the beginning of a new venture.
Equipment and business failures plagued the industry in the last two decades, and
legacy equipment still fails at a relatively high rate today.

One hazard possibility of wind turbines is the failure of a portion of the rotor resulting
in fragments being thrown from the turbine. Concerns over public exposure to this risk
led the counties to develop setbacks from adjacent properties and structures. The
development of county drdinances took place independently of each other; however in
most cases the fledgling wind power industry was involved in the development
{(McClendon and Duncan 1985). In general, the setbacks were based on the heights of the
turbines.

Utility scale turbines installed in California have evolved from 50 kilowatt (kW)
machines of 25 meter (m) overall height to 3.0 megawatt (MW) machines of 126 m
overall height. The nature of that evolution, in general, is that manufacturers stop
production of smaller turbines due to improved economics of the new larger turbines.
With increased overall height, the setback distance is increased, and modern turbines
can be "squeezed out” of developments.

The California Wind Energy Collaborative (CWEC, http:/fcwec.ucdavis.edu/), through
its “Windplant Optimization” task, was directed to prepare this white paper on
permitting issues in regards to the rotor fragment risk. The concern over restrictions on
development was the impetus to study current ordinances and the rotor fragment risk.
Two possibilities offer the potential for relief in this area. Modern wind turbines might
offer higher reliability, thus lowering the risk of rotor failure. Second, in the event of a
rotor failure, the hazard area is governed by the blade tip speed. The tip speed tends to
remiain constant with turbine size. Therefore, more appropriate setbacks miglit be a fixed
distance, and not a function of the turbine size. These possibilities, along with
background research, are discussed in this report.



1.2. Example Windplant and the Problem with Current Setbacks

Setbacks are established to minimize risk of damage or injury from component failure
on property and personnel. The setbacks are usually a multiple of the total turbine
height, from tower base to upper extreme point of the rotor (see Figure 1). Generally the
setbacks can vary from 1.25 to 3 times the overall machine height. Larger setbacks are
sometimes required for special areas. In contrast to these standards, counties in
California with more rural development, such as Merced and San Joaquin, use building
setbacks and do not distinguish wind turbines separately.

T Total
Height

Hub
— Height
Rotor
Diameter

Figure 1. Wind turbine dimensions

As an illustration of the potential of setbacks limiting modern wind energy
development, consider the following hypothetical situation. A developer has a 1000 by
1000 m {1 square kilometer or 247 acres) parcel of land available in a county requiring a
setback three times machine total height. The site has a strong prevailing wind direction,
and the machines are to be spaced in consideration of wake effects of 3 diameters
crosswind and 1¢ diameters downwind. Two machines are considered:
1.2.1. 1. Vestas V-47

+  660-kW full rating

* 47 mrotor diameter

e 50 m fower height
1.2.2. 2. General Electric GE 1.5s

o 1500-kW full rating

« 70.5m rotor diameter

= 65 m tower height



The layouts are shown in Figure 2 and Figure 3, with shaded zones representing the
setback areas. The overall height is the sum of the tower height plus half the rotor
diameter.

le o
|" Tkm V]
y
Setback
3D in-row
3X overall spacing

10- V47 turbines

1km ;

10D row : 50 m Towers

spacing

. SR A NDRSEUIPIRT 1 | 1. YR | R TSNP 4 | 1.

& E B E B
Setback
3X overall height
A 3
Prevailing
Wind

Figure 2. Layout for V-47 wind turbines based on setback requirement of three times total
turbine height
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Figure 3. Layout for GE 1.5s machines based on setback requirements of three
times total turbine height

For the V47 machine, the spacing requirements and setbacks allow for 10 machines with
total rating of 6.6 MW. In contrast, the requirements allow only three GE 1.5 turbines
with total rating of 4.5 MW. The crosswind spacing in this case would probably be
reduiced slightly. Downwind spacing requirements would force a second row of turbines
off the parcel. The setback requirements for this example result in lower energy
production with the application of larger, modern machines. The options available to a



developer are further constrained with the current trend of manufacturers producing
larger machines, and phasing out the production of smailer machines such as the V-47.

1.3. Project Objectives

Project objectives for this study were to:

* Document and compare current wind turbine setbacks in California

* Report on how the setbacks were developed

+ Report on the probability of rotor failure

+ Study existing analyses of the rotor fragment hazard and determine if setback
criteria can be developed with existing information.

Wind turbine setbacks are codified for reasons other than safety. Scenic corridors might
be established so that views are not adversely impacted by new structures. Acoustic
emissions from turbines might limit siting. Maximum sound pressure levels might be
established at property lines or dwellings, constraining the placement of turbines. This
report deals specifically with the issue of the rotor fragment hazard.






2.0 Project Approach

For each of the project objectives, the authors took the following approaches:

» Document and compare current wind turbine setbacks in California

The authors considered only counties with existing utility-scale wind power
development. These counties are Alameda, Contra Costa, Kern, Merced, Riverside, San
Joaquin, and Solano. The authors obtained the majority of the county ordinances from
the Internet. Many counties have their codes residing on Ordlink (http://ordlink.com/), a
LexisNexis product. All county planning departments were contacted for any additional
information. In some cases, the wind energy ordinance was a separate document {Solano
1987) or part of an Environmental Impact Report (Alameda 1988b). The setbacks were
organized into a tabular format for comparison.

» Report on how the setbacks were developed

The authors conducted interviews with county planning personnel on this topic. The
authors also conducted a literature survey on the Internet and reviewed the conference
proceedings of the American Wind Energy Association, the British Wind Energy
Association, and the European Wind Energy Association.

» Report on the probability of rotor failure

The authors conducted a literature survey on this topic with the sources mentioned
above, and searched the annual conference proceedings of the American Society of
Mechanical Engineers technical conference on wind energy.

During the study, CWEC obtained records of Alameda County turbine failuves. These
data were compiled and analyzed. The authors also comipiled failure data from
European turbines reported in WindStats, a quarterly newsletter of Windpower
Meonthly. CWEC also translated and reviewed an interim report on rotor failures
prepared by the Netherlands Energy Agency.

» Study existing analyses of the rotor fragment hazard and determine if setback
criteria can be developed with existing information.

The autheors conducted a literature survey with sources mentioned above, and
developed a simple mode] of the rotor fragment hazard to ontline certain characteristics
of the problem. The method and results for each researcher is described. Whete possible,
the results are compared across analyses.
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3.0 Project Outcomes

3.1.

Current Wind Energy Ordinances

The majority of the county ordinances were obtained from the Internet. The authors
strongly suggest checking the current information available on the websites. Checking
the requirements is especially important during the lifetime of a development project.
Current ordinances and their safety setback requirements are summmarized in Table 1.

Table 1. Setback references in California county ordinances

Internet Site

QOrdinance

Sethack Reference

Alameda

Code for wind energy not
available on internet

Draft Environmental
Impact Report,
Repowering a Portion of
the Aftamont Pass Wind
Resource Area, Appendix

Paragraph 15. Safety
Sethack

A, Alameda County
Windfarm Standard
Conditions
Contra Costa | hitp://www.co.confra- County Code, Title 8| 88-3.602 Setback
costa.ca.us/ Zoning, Ch. 88-3 Wind | Requirements
Energy Conversion
Systems
Kern http:/fordlink.com/codes/k | Title 19 Zoning, Chapter | 19.64.140
erncoun/ 19.64 WIND ENERGY | Development
{WE) COMBINING | standards and
DISTRICT canditions
Merced http:/iweb.comerced.ca.u | Zoning Code (Ordinance) | Table 5 Agricultural
s/planningfzoningord.himl | Ch.  18.02, Agricultural | Zones Development
Zones Standards
Riverside hitp:/iwww tima.co.riversi | Ordinance 348, Section | 18.41.d(1) Safety
de.ca.us/planning/ord348. | 18.41, Commercial Wind | Setbacks
htmi Energy Conversion
Systems Permits
Solano Code for wind energy not | Wind Turbine Siting Plan | Page 17 Safety
available on internet and Environmental Impact | Setbacks

Repaort 1987
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Table 2 compares setbacks for several of the counties organized by feature that the
turbine must be displaced from, such as a property line. The distances are stated in
multiples of overall turbine height (Figure 1), If a fixed distance is included with the
multiple, then the maximum of the two values must be used for the setback.

Table 2. Safety setback comparison. Note: for reference purposes enly. Check counties
for current zoning requirements.

Property Line

Dwelling

Roads

Reductions in
Sethacks

Alameda County

3300 ft (¢
m), more on
slope

I500 ft (182
m}, more on
slope

3x/500 ft (152
m), 6x/500 ft
from [-580,
more on sloped
terrain

maximum 50%
raduction from
building site or
dwelling unit but
minimum 1.25x,
road setback to

no less than
300 {91 m)
Contra Costa County | 3x/500 ft (152 [ 1000 {305 m) { None exceptions not
m) spelled in
ordinance can
be filed with
county
Kern County 4500 £t (152 ) 4x/1000 ft (305 | 1.5x With agreement

m) <40 acres or
not wind energy
zone, 1.5x >40
acres

m} off-site

from adjacent
owners to ne
less than 1.5x

Riverside County

1.1x to adjacent

3x/500 ft (152

1.25x for lightly

None

Wind Epergy | m) to lot line | traveled,
Zones with dwelling 1.5x/500 ft (152
m) for highly
traveled.
Salano County 3x1000 ft (304 | 31000 ft (304 | 3x Sethack waived

m) adjacent to
residential
Zoning, 3x from
other zonings

m)

with agreement
from owners of
adjacent
parcels with
wind turbines

Table 2 shows that counties have different requirements. Riverside County maintains
the minimum setback distances to properties with adjacent wind energy zoning.
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Alameda County has adjustments for sloping terrain. If the ground elevation of the
turbine is two or more times the height of the turbine above the feature, the setback
distance increases from three times to four times. With the exception of Riverside
County, all allow for reduction of the setback distance with special consideration. The
Altamont Repowering EIR (Alameda County 1998) is an example of a reduced setback,
which resulted from a developer submitting a rotor fragment risk analysis as
substantiation for the reduction.

Merced County has some wind energy development in the Pacheco Pass area, and
utitizes standard building setbacks for wind turbines in agricultural districts. San
Joaquin County has similar requirements for the development in the Altamont Pass
area.

3.2. Setback Development

With the exception of Solano County, the ordinances are not explanatory documents.
Background information is not provided. The most comprehensive paper on the subject
of wind energy permitting in California comes from McClendon and Duncan. Although
this paper was written in 1985, it captures the essence of the process at the time and
generally, not much has changed in the interim. Another paper by Throgmorton (1987)
focuses on Riverside County development exclusively. Further clues to the development
of standards are found in Environmental Impact Reports written for the counties on
specific developments. The counties are discussed separately below.

Referenices in the literature to safety setbacks are scarce. One is found in Taylor (1991}.
Taylor proposed setbacks for a 30 m diameter rotor machine, but no tower height is
mentioned. The proposed setbacks were 120170 meters from a habitation or village, 50
meters from a lightly traveled road, and 100 meters from a heavily traveled road. A
Windpower Monthly article regarding a rotor failure in Denmark (Maller 1987)
mentions setbacks for safety. A setback of 90 meters plus 2.7 times the rotor diameter
was proposed. The Wind Energy Permitting Handbook available from the National
Wind Coordinating Committee {(NWCC 2002) provides no guidance on setbacks. In all
the above references, there is no discussion of the technical basis for the setbacks.

3.2.1. Alameda County Ordinance

Alameda County, encompassing most of the Altameont pass, was one of the first regions
in the world to have large-scale wind energy development. Until recently, the Altamont
Pass area has been isolated from population centers, lowering the possibility of conflict
with the community. The McClendon and Duncan paper (1985) reported that concerns
over safety and reliability of wind turbines resulted in an ad-hoc public/industry group
to develop new standards. The setbacks as they stand today are found in Resolution
Number Z-5361 of the Zoning Administrator of Alameda County, dated September 5,
1984. There is no known technical description on how the setbacks were developed.
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3.2.2. Contra Costa County Ordinance

Contra Costa encompasses the northern portion of the Altamont pass. The zoning
language is much less specific than Alameda County, but the setbacks are similar.

3.2.3. Kern County Ordinance

According te county personnel and McClendon and Duncan (1985), the standards for
Kern County were developed with an ad-hoc committee of wind energy people and
other interests, as in the case with Alameda County. Kern has stricter setbacks for
properties not zoned for wind energy development, but is less restrictive for roads (see
Table 2).

3.2.4. Riverside County Ordinance

Riverside County is an area of intense development. Regulations were established after
an extensive Environmental Impact Report (EIR) by Wagstaff and Brady (Riverside
County California, United States Bureau of Land Management et al. 1982). Clues to the
majority of the setback distances are in the report. Although there is no technical basis
for the original setback of three times the total height of the turbine, one can infer that
this distance arose from the discussion of wake effects. It was expected that in-row
spacing for wake effects would be six diameters, and adjacent wind energy parcels
would require a spacing of at least half this distance. The report also mentions an
estimate of the fragment throw distance for the MOD-0A, an early Westinghouse
machine. The stated value of 500 ft (152 m) transiates to three times overall height for
this turbine. Evolution of the ordinance resulted in reduction of some of the setbacks,
which now seem to offer a buffer for the possibility of tower collapse.

3.2,5. Solano County Ordinance

Solano County also developed wind turbine requirements with industry involvement in
1985. The outcome of this work was the Solano County Wind Turbine Siting Plan
(Solano County 1987), which remains the guide for permitting in the county. The plan
supercedes the current language in the zoning ordinance that has setbacks of 1.25 times
the overall turbine height. This plan was developed by the authors of the Riverside
County EIR, and proposes a “three times” setback. The estimated rotor fragment risk of
the MOD-0A is again mentioned. There is a comparison of the setbacks with the rotor
fragment risk of the MOD-2 turbine. The throw distance of this turbine in a vacuum was
estimated to be 1300 feet (396 m, 3.7 times overall turbine height) for a broken tip and
700 feet (213 m, 2 times overall turbine height) for the whole blade. There is no technical
discussion for these values and they are not tied into the proposed spacing. The
Montezuma Hills EIR (Solano County and Earth Metrics 1989), proposed a three times
diameter safety setback, with no consideration for turbine height. Neither reference
provides a technical basis for the setback distance.
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3.3. Rotor Failure Probabilities

This section discusses the probability of a rotor failure occurring, Probabilities will be
discussed in terms of ratios. For example, a coin toss with heads has a one in two
probability, represented equally as 0.5, %, 5 x 10-. A probability of something occurring
once in one-hundred trials can be represented as 102 The probability applied to rotor
failures will be stated as the probability of failure for a turbine in one year of operation.
A probability of 10?2 per turbine per year can then be understood that on average there
will be one rotor failure in a year for every 100 turbines.

Reporting on turbine failures is very limited, most likely due to the sensitivity of the
industry, There are few accounts of turbine failure in the literature. There are statistics in
the public domain that will be discussed below.

Types of rotor failures are as follows:

+ Root-connection full-blade failure

« Partiai-blade failure from lightning damage

« Failure at outboard aerodynamic device

« Failure from tower stitke

¢ Partial-blade failure due to defect

« Partial-blade failure from extreme load buckling

Some of the causes of rotor failures:

+ Unforeseen environmental events outside the design envelope
+ Tailure of turbine control/safety system

« Human error

+ Incorrect design for ultimate loads

» Incorrect design for fatigue loads

» TPoor manufacturing quality

Not surprisingly, most failures are a combination of these factors, which points to the
complexity of the technology. The probabilities of some events are highly correlated
with each other. For example, loss of grid power is highly correlated with high wind
events. The potential then exists for a contro! system malfunction due to loss of power to
coincide with a high loading event. Thus the turbine designer must plan for both events
occurring simultaneously.

3.3.1. Rotor Failures in the Literature

One of the earliest documented rotor failure events comes from one of the first
applications of utility-scale wind energy (Putnam 1948). It is also one of the few accounts
with a published distance. The Smith Puinam 1.25 MW turbine suffered a rotor failure in
its test campaign resulfing in a blade throw of 750 ft (230 m), or 3.7 times the overall
height. The failure was attributed to lack of knowledge of the design loads for the
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turbine. The blade throw was probably exacerbated by siting on a slope (approximately
ten degrees). The blade was of steel construction, with a weight of eight tons (mass of
7260 kg). That is at least 50% heavier than modern construction. A heavier blade could
fly farther due to a reduced drag-to-weight ratio (Eggers, Holley et al. 2001).

The next period of literature deals with the analysis of large-scale turbines under
development in the 1970s and early 1980s. Although the possibility of failure was
discussed, no mention of the probability was placed forward for the Department of
Energy (DOF) MOD series turbines such as the General Electric MOR-1 (General Electric
1979) and the Boeing MOD-2 (Lynette and Poore 1979). The Solar Energy Research
Institute (SERI) conducted a preliminary study of wind turbine component reliability
{Hdesess and McConnell 1979). Using an analysis of the individual failure rate estimates
and inspection infervals of the rotor and braking systems, the authors predicted a failure
rate for the wind turbine rotor at 1.2 x 102 per turbine per year,

A strong early wind program in Sweden prompted studies of the subject {(Eggwertz,
Carlsson et al. 1981) where the first attempts at analyzing the rotor fragment risk were
made. The first guess at the probability of failure was made at 1 in 100,000 (10%) failures
per turbine per year.

‘The evolution of the wind industry back to smaller turbines brought large scale
manufacturing and experience was gained with equipment failures. In a 1989 paper (De
Vries 1989} conducted a blind survey of manufacturers that reported on 133 turbine
failures in the industry. De Vries also placed probabilities at 2 x 102 rotor failures per
turbine per year for the Netherlands, 3 to 5 x 10 for Denmark and 3 x 103 for the United
States. This is two to three orders of magnitude higher than that predicted by Eggwertz,
but closer to the SERI analysis.

Failures are occasionally reported in Windpower Monthly. They have reported a rotor
overspeed failure in Denmark (Meller 1987) and full-blade failures in Spain (Luke 1995).
A report in the technical literature comes from Germanischer Lloyd (Nath and Rogge
1991), one of the certification bodies for wind energy. The paper describes two medium-
size turbine rotor failures. The rotor diameter and tower height were not reported. One
failure was attributed to insufficient shutdown braking force resulting in overspeed, and
blades were thrown to 150 and 175 meters. The other failure was attributed to poor
manufacturing quality and blade fragments were thrown 200 meters. Updates to
certification requirements were made as a result of the failure investigations. These
certification requirements call for redundancy in safety shutdown systems and quality
control in the blade manufacturing process. De Vries had also earlier suggested stricter
certification requirements to reduce the rotor failure rate.

One wind turbine manufacturer has made a public testimonial of their rotor failure rate.
A managing engineer at Vestas, in testimony for the Kittitas Valley Wind Power Project
in Washington State (Jorgensen 2003), declared that there had been only 1 blade failure
in 10,000 units for 12 years. The failure reported occurred in 1992 on a V39-500 kW
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machine when a blade was thrown 50-75 meters. If an average of six years of total
operation for the entire fleet is assumed, the failure rate would be estimated at 1.6 x 10
rotor failures per turbine per year.

3.3.2. Alameda County Turbine Failure Data

Under Article 15 of the Alameda County Windfarm Standard Cenditions (Alameda
County 1998a), a windfarm operator must notify the County Building Official of any
tower collapse, blade throw, fire, or injury to worker. Recent files of failure data from the
county building department were compiled by the CWEC in order to determine failure
rates. County representatives claim that not all operators have been diligent in their
reporting, but one operator of Kenetech 56-100 machines has been. These furbines are
100 kW machines with 56 ft {17 m) diameter rotors. The majority were manufactured in
the 1980s. The failure reports only indicate the failure type. There is no mention of rotor
fragment distance (if fragments were thrown from the turbine), or the conditions at time
of failure. The failures could have been discovered as the result of an inspection before
any part had separated from the turbine. The failure data covered the year 2000 to fall of
2003. The number of Kenetech 56-100 machines in operation by this operator was
obtained from the California Wind Performance Reporting System
{hitp://wprs.cdavis.edi/).

For the tiime period of the reports, the rotor failure rate was 5.4 x 10 failures per turbine
per year. This value coincides well with that reported by De Vries (1989). As a
comparison the failure rate for the tower was 6.9 x 10 failures per turbine per year, an
order of magnitude less probable than the rotor failure rate.

3.3.3. WindStats Turbine Failure Data

WindStats is a technical publication for the wind industry published quarterly in
Denmark. Failure data are available for wind turbines located in Denmark and
Germany, The Denmark data have been available since 1993; the Germany data since
1996. Like the Alameda County data, the data only indicate failure type. There is no
mention of rotor fragment distance (if it occurred at all), or the conditions at the time of
failure, are mentioned. CWEC compiled data through the spring 2004 issue.

For Denumnark, the failure rate for rotors was 3.4 x 107 failures per turbine per year.
Again, this is within the values reported by De Vries (1989) in the late 1980s. The tower
failures for the same period are 1.0 x 104, As with the Alameda data, the tower failure
probability is an order of magnitude lower than the rotor failures. For Germany, the data
are reported as “rotor” failures, which for the reporting period were 1.5 x 102 failures per
turbine per year, This is an order of magnitude higher than the Denmark data, but on
the same order of the Netherlands in De Vries. There are no apparent trends in the data
indicating changes in failure rates over time,

3.3.4. Dutch NOVEM Report

During the writing of this report the Netherlands Agency for Energy and the
Environment (NOVEM) was writing a handbook on wind turbine siting due to the risk
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posed by wind turbines. The overall report is summarized in English by Braam and
Rademakers (2004) from the Energy Research Centre of the Netherlands, ECN, and the
report was published in Dutch in 2005 (Braam, van Mulekom et al. 2005). The CWEC
received approval from the authors to transtate Appendix A of the handbook and it is
included in Appendix A of this document.

The appendix from the handbook reviews data from two large databases of wind
turbines in Denmark and Germany. The database covers furbine operation from the
1980s until 2001. The authors analyzed the data and recommended values of risk for the
following failure events:

* Failure at nominal operating rpm 4.2 =10+
+ Failure at mechanical breaking (~1.25 time nominal rpm) 4.2 x 10+
» Failure at mechanical breaking (~2.0 time nominal rpm) 5.0 x 106

The authors compared these results to'earlier values developed by European agencies in
the earlier 1990s, with the overall blade failure rate declining three times. It is expected
that with the maturity of the industry blade failures will confinue to decrease.

Documented blade failures and distances were also reported in the handbook. The
maximum distance reported for an entire blade was 150 m, for a blade fragment the
maximum distance reported was 500 m.
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3.4. Rotor Fragment Analyses

This section discusses the estimates of rotor fragment risk as determined by six
researchers. The impetus behind these investigations was to study the hazard potential
of the rotor failure. While rotor failures can occur with the machine operating or
stationary, these studies were limited to the operating case.

3.4.1. Background of Rotor Fragment Models

Parked Turbines

Wind turbines are parked if the wind speed is out of the operating range, or if there is
fault detected while the wind speed is within the operating limits. The typical high wind
shutdown for a wind turbine is 25 meters/second, m/s. The turbine is usually designed
to withstand a peak gust outlined by the International Electrotechnical Commission
(IEC). Peak gusts for various wind classes are shown in Table 3. The peak gust is defined
as a three-second average gust that has a fifty percent probability of occurring in fifty
years, more succinctly known as “50-year wind.” The IEC wind classes are also
distinguished by the annual average wind speed. All wind speeds are designated at hub
height.

Table 3. IEC peak gusts

{EC Class | il m
50-year wind 70 mfs 59.5m/s 52.5m/s
Annual Average 10 mfs 8.5mfs 7.5mis

If a rotor has failed in a parked condition, there is no initial velocity of any fragment
coming off. Any movement away from the turbine is governed by gravity and the
aerodynamic force on the fragment. None of the analyses studied the failure of the
parked turbine, and it is assumed that failure during operation will result in a higher
probability of the blade or the blade fragment flying farther.

Ballistics Models

Analysis of rotor failure uses methods of classical dynamics in order to describe the
problem. Figure 4 is a representation of a rotor failure. If there is a rotor faiture, either a
fragment or the entire blade, the motion of the fragment is governed by specific forces. If
the failure has taken place while the turbine is operating, the fragment has an initial
velocity due to rotation, while in flight the motion is constrained by gravity and
aerodynamic forces. The initial velocity of the rotor fragment is a function of the tip
velocity, determined by Equation 1:

Equation 1 V. =QR

tip

where:
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Q= Rotor rotational speed, and
R= Rotor radiug

Normal operating tip speeds of the turbines studied in the literature varied from 40 m/s
to 100 m/s. Modern wind turbines fall within this range. The tip speed is chosen to meet
the performance requirements for the turbine and also to minimize acoustic emissions..

The lower the tip speed, the lower the loads and noise from the blades for a given blade
design. This can be compared to the low/high switch setting for a fan,

hY
\
N\
\
\
. \
Gravity N
\
\
A
\
\
\
. \\
Gravity v v
Impact A
X ' ‘

s h |
SIS ST TS

Figure 4. Rotor fragment schematic

If there is a failure of the rotor and a fragment is released, the initial velocity at
separation is given by Equation 2:

Equation 2 Ve =L,
where:

Vs = Initial velocity of fragment at center of gravity

re = Radial position of the fragment center of gravity

At the time of separation, the blade or fragment has the same angular velocity {or spin)
as the rotor.

A rudimentary model of ballistics is the path of a fragment in a vacuum. The only force
acting on the fragiment is gravity. This model is found in most elementary dynamics
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textbooks, such as Schaum’s (Nelson, Best et al. 1998). The total ground range achieved
by the fragment, with release height and impact height equal, is given by Equation 3,

2

Ve .
Equation3 X =-sin28

g
where:
X = Horizontal total ground range of a fragment in a vacuum
g = Gravitational acceleration
8= Release angle between the velocity vector and horizontal

The release angle is directly related to the blade azimuth, which is the position of the
rotor at a particular time.

In a vacuum the aerodynamic forces are not modeled, the fragment is not affected by the
ambient winds. The maximum range in a vacuum is achieved when the release angle is
45°. With this value of the release angle, Equation 3 becomes Equation 4.

— V02

max

X
Equation 4

where:

X

wax = Maximum horizontal range of a rotor fragment in a vacuum

The values of range from this simple model are not realistic because the atmosphere is
not a vacuum, However, this simple model shows the importance of the release velocity
because it is a squared term. For example, a 10% increase in release velocity increases the
maximum range by 21%. This model also shows the dependence on the release angle. In
any probability study, this would be a random parameter, because it is assumed thata
rotor failure would not be dependent on the azimuthal angle.

Other models increase on the complexity of the vacuum model. The most common
approach is to assume that the aerodynamic force is proportional to the square of the
instantaneous velocity. The aerodynamic force is separated into lift and drag, and the
constants of proportionality are called coefficients of lift and drag (Ci. and Cv). Both the
crosswind and downwind distances are determined. The solutions for the fragment
range from these models (so-called two-degrees-of-freedom or 2 DOF models) cannot be
solved directly and require numerical methods.

The next level of complexity assumes that Cr and Co are dependent on the orientation of
the fragment, and the fragment is allowed to rotate and translate (3 DOF or 6 DOF
models).
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Rotor Overspeed

One particularly hazardous failure scenario is turbine overspeed. The increased velocity
in overspeed will over stress the rotor blade, and, in the event of a failure, increase the
range of the fragment. The rotor is usually designed with a safety factor of 1.5. If the
rotor loads are approximately proportional to the rotor speed (Eggers, Holley et al.
2001), the rotor could possibly fail at 150% of nominal rotor speed. To prevent this
possibility, most wind turbines are equipped with redundant safety systems to
shutdown the rotor. A turbine with industry certification (e.g. Germanischer Lloyd
1993), must have a safety system completely independent of the control system. The
safety system must also have two mutually independent braking systerns. Usually the
blades pitch to release the aerodynamic torque while a brake is applied to the shaft. In
the event of a failure in one system, the other system must be able to hold the rotor
speed below maximum. An emergency shutdown is typically designed to occur if the
rotor speed exceeds 110% of nominal. Even with redundant safety systems, rotor
overspeed still occurs in industry, sometimes by human error when the safety systems
have been defeated during maintenance.

Impact Probabijlities

The analyses next turn to the probability that a fragment will land on a certain target or
in a particular area in the range of the turbine assuming a rotor failure. The studies
follow various approaches to determine this probability; this will be discussed below.
The probability of impact is then multiplied by the probability of rotor failure, discussed
in the previous section. The final result is the probability that a target fixed at a certain
range from the turbine will be hit in one year. If targets are not fixed, such as cars on a
roadway, then the probability must be multiplied again by the probability that the target
will be in position. Mobile targets are not discussed in the analyses.

A simplified impact probability can be derived from Equation 3. Since this relationship
is only valid for a ground release, only release angles of 0 to 180° (see Figure 4} result in
movement away from the release point. Release angles of 180 to 360° result in impact at
the base. The random release angle is assumed to have uniform distribution from 0° to
360°. Using methods of probability, the probability that a fragment will fall within an
annulus that is less than the maximum range is given by Equation 5.

. & X
Equation5 P{X, <X <X,<X,  }= 21 aresin-22- _ aresin -1 }
z

FEIELAN hax

where:

X, = Inner radius of annulus.

outer radius of annulus.

X,

This relationship is plotted in Figure 5 for a normalized annular width of 0.05. Note that
the relatively high probability of the fragment landing directly under the tower is not
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shown. The nature of the equation results in an increasing probability of impact in the
outermost annuli, due to a wide range of release angles that provide nearly the
maximum range, However, the annular area increases with increasing radius.
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0.08
Normalized Annular Width 0.05

0.06 {(X2-X1)Xmax

£.04

0.02

Probability of Impact in Annulus

0 02 0.4 0.6 08 1 1.2

Normalized Annulus Radius

Figure 5. Probability of impact within an annular region

We next assume that the target is an annular sector, as in Figure 6.

Figure 6. Target annular sector
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In order to make the sector size roughly equal throughout the ballistic range, we set the
outer arc length (S) equal to the annular width, given by Equation é:

Equationé  S=JX, - X,
The arc length is also given by
Equation7 S=X,xp
where:
@ = Sector angle in radians (assumed to be small)
Equating Equation 6 and Equation 7 and solving for the sector angle we obtain:

_XZ__XI

Equation 8 @ 5%

The probability of impact in this annular sector, assuming equal probability in all
directions, is given by:

2

LX .
Equation9  P{X,,X,,¢}= 4 [arcsm 2 _ grosin 0 }
T

max max

This relationship is plotted in Figure 7. This simplified mode} shows a peak in
probability near the tower base, and then a relatively constant probability until the
probability rises again near the maximum range. This behavior is similar to more
complex models incorporating aerodynamics. The peak at maximum range placesa
constraint on the overall hazard and acceptable setback distances.
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Figure 7. Probability of impact within annular sector
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Multiple Turbines

If there is more than one turbine in the area, such as in a wind plant, then the individual
probabilities must be added for a particular area. This is mentioned briefly in Macqueen
(1983). The probabilities add according to the Law of Total Probability; for two turbines
this is represented inEquation 10.

Equation 10 P(A4+ B) = P(4)+ P(B)— P(A4,B)

where:
P(A4+B)=  Probability of A or B or both occurring
P(A) = Probability of A occurring
P(B)= Probability of B occurring,
P(A,B)= Probability of both A and B occurring (Equation 11)
Equation 11 P(4.B) = P(A)P(B/ A)= P(B)P(A/B)
where:

P(B/4)=  Conditional probability B occurring given A has occurred
P(A4/B)=  Conditional probability of A occurring given B has occurred

If the events are independent, which would be the case in a random failure, the
conditional probabilities are from Equation 12 and Equation 13.

Equation 12 P(B/ 4) = P(B)
Equation 13 P(4/B) = P(4)
The overall probabilities become Equation 14.
Equation 14  P(4+ B)= P(A)+ P(B) - P(A)P(5)

As an example, consider a region that has a 10 probability of impact from a Turbine
“A” and a 10% probability of impact from Turbine “B”. From Equation 14, the overall
probability of impact is:

P{A+B)=10"" + 107 (107 x 107%)
P(A+B)=1.1x10""

These formulae can be expanded for multiple turbines.
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Overall Probability

The overall probability can then be compared to other risks. De Vries (1989) mentions a
government policy in the Netherlands of one-in-a-million (10} per year risk level for
new industrial activities. This is on the same order of present-day industry quality
programs, such as “Six-Sigma,” with a failure rate objective of three-in-a-million.
Previously we discussed rotor failure probabilities on the order of one-in-a-thousand
{10%) to one- in-a-hundred (102). If we assume a conservative value of one-in-a-hundred
(10%), this results in a required probability of impact of less than one-in-ten-thousand
{10~ per year.

3.4.2. Rotor Fragment Analyses in the Literature

Eggwertz, Sweden 1981

This is the first documentation of a rotor fragment analysis, and is a comprehensive
report on turbine structural safety for the Swedish industry. At the time, megawatt-size
turbines were being considered for power production in Sweden. The analysis
referenced previous work in Sweden on the possibility of fragment gliding due to spin;
however the extension of the fragment flight was considered negligible. For the
examination of risk areas, the drag coefficient in the analysis was fixed at 0.5 for lateral
and downwind directions, and the lift coefficient was assumed to be zero.

For the probability analysis the blade and azimuth locations were divided into equal
spanwise sections and equal weighting was applied to failure at these sections. This
allowed for a semi-random probability of failure of the blade at a particular section and
at a particular azimuth. A total of 144 fragment releases were modeled. A discussion
was made of the probability of rotor failure, mentioned in the Rotor Failure section, but
no criteria were applied in the fina} analysis.

The discussion of the physics and probability of impact is very detailed. The risk area
included considerations of sliding and rotation of the rotor fragment. The fragment was
assumed to translate on the ground and come to a complete stop due to friction. The
area surrounding the turbine was divided into 10-m rings and the fragment impact area
within the ring was divided by the total ring area. The probability calculated assumes
equal probability of launch for all wind directions. The result was the risk level that a
target within a ring will be hit.

The overall analysis was conducted for a 3% m radius machine at an 80 m hub height
operating at 25 rpm in a 7 m/s wind speed. This was considered to be the most likely
operating condition. Assuming that a failure had occurred, the probability was high at
the tower base and then relatively even at 10 until 200 m. The analysis showed the
probability of impact from any fragment dropped off dramatically (below 10%) at 220 m.
This throw distance is 1.8 times the overall turbine height. The throw distance for a
probability of 10+ is only slightly less than this value. The dramatic drop off in the
probability at 220 m was used as a basis for the safety area around the turbine; however,
the calculations were made at nominal operating conditions and at a single wind speed.
Failures in an overspeed conditions would increase this area.
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Montgomerie, Sweden 1982

Montgomerie (Montgomerie 1982) expanded on Eggwertz’s work by modeling the
fragiment with a full six-degrees of freedom. The aerodynamic model is not explained
but is referenced from an unpublished thesis in Sweden. Similar work would later be
developed by Serensen (1984a).

Montgomerie presents resuilts for an example turbine similar to Eggwertz’s. The break at
the rotor and the azimuth at break are treated with equal probability. However, the new
maodel includes a wind speed and wind direction distribution from the wind turbine site.
The normally circular hazard contour is only made slightly oval with the wind direction
distribution. The maximum throw distance for the example exceeds 1600 m and the
distance for 10+ probability is 1500 m. These values are much greater than Eggwertz’s
results; however, there is no explanation for the discrepancy between them. The results
are also relatively higher than resulis presented by other researchers.

Macqueen, United Kingdom 1983

This work was conducted in the United Kingdom for the Central Electricity Generating
Board. As in Sweden, the United Kingdom was considering generating electricity with
megawatt-size wind turbines. Macqueen starts by bounding the problem with an
analysis of the maximum launch velocity of a rotor fragment being limited by the
approach of the speed of sound. An estimate of the maximum velocity is 310 m/s in an
extreme overspeed condition for a typical turbine. The fragment distance would not
exceed 10 km using classical ballistics results with no aerodynamic drag. It is
unreasonable to expect setback criteria of this distance; the turbine rotor would probably
fail at a much lower velocity, plus the aerodynamic drag acting on the fragment would
greatly reduce the distance. However this provides an upper extreme limit.

The analysis followed the same lines as Eggwertz with analysis of gliding and tumbling
and classical ballistics with average lift and drag coefficients. The tumbling analysis was
to determine the conditions for stable, gliding flight of a fragment. Macqueen reasoned
that the flight time of a fragment was several times longer than one tumbling period and
therefore stable flight could not be expected. However gliding was considered as a rare
case if the fragment did not leave with sufficient rotational energy. For the tumbling
case, Macqueen reasoned a Ci of 0.0 and a Co of 1.0. For gliding, lift was chosen as Ci=
0.8 and Cp=0.4. Macqueen estimated the probability of gliding occurring in a potential
failure at 102to 10,

Macqueen also included a discussion of a three-dimensional model of fragment flight,
and concluded that the model did not show the fragment achieving a stable gliding
condition. Macqueen concludes that the effect of lift in the three-dimensional case
increases the range of flight by no more than 10%.

A series of runs at equally spaced azimuthal positions were used to develop the
probability distributions. The possibility of sliding after impact was not addressed in the
current work. He then separated the analysis info two failure events, one at a 10%
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overspeed af average winds, the other at the maximum possible release velocity with an
extreme gust. The turbine studied was of similar geometry to the MCD-2, with 91 m
diameter rotor and 61 m hub height.

The probability of impact is weighted by area (per square meter), and assumes equal
distributions in all directions. Probability distributions showed peaks near the tower and
at the maximum range, similar to the results of the simplified model in Figure 7. The
probability of impact was then a function of the target and fragment size. Macqueen
reasoned that the rotor fragments would be large compared to target, making the
probability independent of target size; however this would not be the case with a busy
roadway, with many targets over a large area.

For overall probabilities Macqueen used the Eggwertz probability of 107 for rotor
failures. Macqueen also compared the probabilities to a statistic of risk of death by
lightning strike in the United Kingdom at 107 per year. For the turbine studied, a large
2.5 MW unit, the risk of being hit by a rotor fragiment within 210 m (approximately two
times overall height) is equivalent to being struck by lightning. However, these results
were based on the rotor failure probability of 10 and the assumption of a target size less
than the overall fragment area.

Sarensen, Denmark 1984

This investigation was part of the wind power program of the Ministry of Energy and
the Electric Utilities in Denmark. The conference paper (Sarensen 1984b) was a surumnary
of the full report in Danish. Detailed sensitivity studies are found in the Wind
Engineering paper (Serensen 1984a). The analysis is unique in that the aerodynamics of
the fragment under ballistic motion was fully modeled. Sprensen used synthesized data
from a NACA 0012 wing to simulate the fragment under various alignments. The blade
fragment was broken into segments and the aerodynamic forces were determined
independent of each other. The total force was then a summation of the individual
forces. This approach is similar to current state-of-the-art modeling of wind turbine
rotors in the industry. Three turbines of increasing size were studied.

The modeling showed that the fragment tumbling motion decayed as it reached the
maximum height with the heavy end directed down as the fragment fell back to earth.
This behavior was also described by Eggwertz in scaled model studies. The model
behavior places into question the pure tumbling and constant aerodynamic coefficients
of the other models. Comparison with these models showed that the average drag
coefficient for the lateral throw would have to be varied from 0.15 to 0.4 to achieve
similar results to the full aerodynamic model. These coefficients are lower than what has
been considered by the other researchers. For the downwind range, the constant
coefficient models predicted a much [ower distance. Therefore, constant coefficient
models would tend to predict shorter overall throw distances compared to Serensen’s
method.

28



The Wind Enginecring paper went through several sensitivity studies of the modeling
parameters, A summary of these studies is presented in Table 4.

Table 4. Sensitivity studies by Segrensen in Wind Engineering paper

Subject Description Results
Analysis conducted on four airfoll | _ ] .
Airfoil Data data sets T% spread in maximum range
_ _ 12% reduction in maximum range
Aerodynamic Dynamic  aerodynamic  loads | with unsteady model
Unsteadiness maodeled

Model tendency of fragment to

. ) ton |
Auftorotation glide like helicopter rotor Substantial reduction in range
Center of Gravity | Vary chordwise center of gravity | Negligible effect for typical 25-35%
Location position on fragment chord line placement

Blade pitch angle at morent of

Large influence; pitch of maximum

Blade Pitch Angle

release thrust had maximum range

Ambient wind velocity at moment
of release

Large influence, partially due fo

. loci
Wind Velocity dependence on pitch angle effect

The impact probabilities reported in the conference paper (Serensen 1984b) assumed the
target as a one-meter sphere. Sliding of the wreckage was assumed, with 25 meters of
slide assumed for a throw greater than 75 m range. As stated before in the Macqueen
(1983) discussion, these probabilities would have to be adjusted for targets larger than
the blade fragment, such as a busy roadway, or a dwelling. The probability analysis
followed the same approach as Eggwertz (1981) by dividing the region around the
turbine into ring segments. Uniform wind direction was assumed.

Probabilities were only presented for the Project “K” turbine for a full 30-m blade throw
and 10-m blade fragment throw. This turbine is of 1.5 to 2.0 MW size with a 60 m hub
height. Release angle and wind speed were varied and multiple throws were calculated.
The probabilities were presented as a function of tip speed. Results are shown in Figure
8, comparing the range with 10~ probability {the “risk” range) to the maximum range.
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Figure 8. Throw distances in Serensen conference paper with 1 x 10 probability risk
range

The maximum ranges do not increase exponentially as would be predicted for a vacuum
in Equation 4. This is the result of including the aerodynamic forces. Also, there is
negligible difference for the full blade maximum range and range with 10+ probability.
This is not true for the fragment.,

Turner, United Kingdom 1986 and 1989

Turner’s (1986} work was a further expansion of MacQueen’s work. He starts by
developing a model of the probability simnilar to that in Section 0. He uses this model to
form conclusions of the overall statistics of the more advanced problem. He used a
Monte Carlo method to run simulations of fragment throws with the simple model, and
then performed a chi-squared test with the exact solution of the simple problem to show
the validity of the Monte Carlo method. He also developed a method to determine
confidence levels after a certain number of throws so that an appropriate number of
throws can be determined.

Turner assumed a geometric distribution for the probability of the rotor break point. It
was assumed that inboard portions of the blade were twice as likely to break as
outboard portions. Equal distribution was assumed for the azimuth position of break.
For impact, he developed a bouncing model that he considered conservative based on
data from artillery tests. He used a cutoff angle of 20° above which bouncing was not
permitted. He also used Eggwertz model for sliding after impact.

Turner later expanded on his work to include a six-degree of freedom model of the
fragment (Turner 1989). His model dynamics were similar to (Montgomerie 1982). The
aerodynamic model used two-dimensional airfoil data with no adjustment for off-axis
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flow. A small drag value was added for spanwise flow. He presented results of Monte-
Carlo simulations for several model conditions. '

Eqggers, United States 2001

This is the most recent analysis (Eggers, Holley et al. 2001) generated for the National
Wind Technology Center in Colorado. The analysis used classical ballistic theory and
assumed constant values of aerodynamic force coefficients. A discussion and analysis is
made of the possibility of gliding flight assuming the blade achieves a stable gliding
angle; it is assurmned negligible. The low probability of this is reasoned due to the
complex geometry of the blades, with varying chord, airfoil section, and twist. The mean
values of drag (Cp = 0.5} and normal force coefficients are considered constant during
flight. Half and full-blade fragments are analyzed.

An example turbine was studied with a 15.2 m rotor radius operating at 50 rpm in 11.2
to 22.4 m/s winds. A probability distribution, assuming equal weighting for all
directions, was determined analytically and solved numerically. This method was
unique in that several trials of throws were not necessary to obtain the distributions.
Also assumed was that the failure was the result of an overspeed, and that the range of
the overspeed failure was a Gaussian distribution between 1.25 and 1.75 times the
nominal speed. Eggers, like Macqueen (1983), confirms peaks in the probability
distribution near the tower and at maximum range. Two tower heights were also
studied, showing higher probability at the tower base for the shorter tower. Probability
vahies cannot be determined from the paper due to the limited resolution of figures.

3.4.3. Comparisons of Rotor Fragment Analyses

Studies of example turbines were performed in ail the analyses discussed previously. A
comparison is shown below in Figure 9. The maximum attainable lateral throw distance,
normalized by overall turbine height, for a failure at nominal operating conditions is
shown for the various analyses. The results show the drop in the normalized maximum
throw distance with increasing turbine size.
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4.0 Conclusions and Recommendations

4.1. Conclusions

This study was performed on setbacks for permitting of wind energy. Counties with
past and future development of wind energy have setbacks based on overall turbine
height. A simple example was presented showing the negative economic impact of
setbacks based on size for modern turbines, The application and size of the setbacks
varied widely across the counties. However, a common setback is three-times the overall
turbine height from a property line.

Most setbacks were established early in the development of the wind industry and were
outcomes of ad hoc groups of government and industry. Other counties followed suit
based on the example of the early developments. There is some evidence for Riverside
County that the “three-times” rule may have been an outcome of expected spacing to
reduce waked operation losses. There is no evidence that setbacks were based on formal
analysis of the rotor fragment risk.

CWEC also studied the probability of wind turbine rotor failure. Reporting of wind
turbine failures are scarce in the literature, but available data from Alameda County and
Europe show rotor failures from approximately one-in-one-hundred (102) to one-in-one-
thousand (10 per turbine per year. The most comprehensive study from the
Netherlands reported failures for Buropean turbines of approximately one-in-one
thousand (10?) per turbine per year.

Six studies examined modeling of the rotor fragment risk in detail. Several researchers
analyzed but discounted the possibility of gliding flight, and instead used simplified
aerodynamic models. Serensen (1984a) used a three dimensional analysis of the rotor
fragment flight and showed the limitations of the simplified models. The literature does
not offer any guidance for applying setback distances that would be useful for wind
energy planning.

Two observations can be made from a comparison of the analyses with failure at the
nominal operating condition. The first is that as the overall turbine height increases, the
range normalized by overall height decreases. This is primarily because the maximum
range is dependent on turbine tip speed. As discussed previously, the tip speed has
remained nominally unchanged as turbine size has increased. The other conclusion is
that blade fragments fly farther than full blades. This is because the initial velocity at
failure tends to be higher for the fragment than the entire blade. This result indicates
that setbacks based on overall turbine height may be reduced for larger turbines.

4.2, Recommendations

The setback literature reviewed in this report does not provide an analytical rationale for
determining wind turbine setbacks. However, after reviewing the literature for analysis
of the rotor fragment hazard, CWEC proposes the following items to develop guidelines
for setbacks.
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4.2.1. Rotor Failute Rate and Operating Conditions at Failure

The rotor failure probabilities presented by Rademakers and Braam in Appendix A
represent the most comprehensive study. The values presented in Section 3.3.4 should
be used for analysis of the overall hazard. These values are organized by rotor speed,
which can be used to set the release velecity at failure, However, the wind conditions at
failure are not known. Simulations can be performed at several wind speeds, and either
the worst case could be used, or the results can be weighted by a standard wind speed
distribution.

Turbine Sizes

A mixture of turbine sizes should be studied to determine if setbacks should be a
standard distance or a function of the turbine size. Turbine sizes currently marketed are
660 kW to 5 MW, Smaller turbines should be studied for stand-alone applications and
review of existing hazards.

4.2.2. Position of Blade Break

Since the position of the failure cannot be predicted with certainty, the approach of
Eggwertz (1981) to divide the blade into sections should be used. In addition to
randomizing the break position, turbines with blade components such as aerodynamic
devices, blade dampers, and lightning protection should be studied as fragments.

4.2,3. Aerodynamic Model

The methods of Serensen (1984a) should be applied for the aerodynamic model. This
maodel was the most comprehensive and showed the limitations of constant
aerodynamic coefficient models. The model is well documented and can be updated to
modern programming languages. There was an effort to update this program to
MATLABF® at the Technical University of Denmark (DTU); however the status of this
work is unknown. '

Further studies could be conducted to incorporate shear-and turbulence into the model.
With these effects included, the rotor fragment might exhibit constant lift coefficient and
drag coefficient behavior which might warrant use of sirnpler models.

The model should be built as a tool that can be used by the industry for use on any
turbine to study specific cases, such as permitting waivers.

4.2.4. Impact Modeling

The methods of {Turner 1986) and Eggwertz {1981), or Serensen (1984a) should be used
to model the physics at impact. The methods include bouncing at impact and the effects
of rofation and translation after impact.

4.2.5. Slope Effects

Slope effects were not included in the reviewed analyses. Because of the common
placement of turbines on ridgelines, as in the Altamont and the Tehachapi wind
resource areas, modifications to the setback distance should be studied. Modifications
should be stated in simple language, similar to the language in the Alameda ordinance.
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4.2,6. Validation Effort
None of the analyses have been validated with actual failures. Validation with an actual

failure can be made with the following information:
« Turbine tower height
» Rotor diameter |
» Position of failure on rotor
» Azimuth of failure (would be very hard to obtain)
e Rotorspeed
s Pitch of blades

+ Geometric details of the fragment (planform, airfoils, weight, center of gravity,
twist distribution)

» Wind speed, direction, and locat air density
» Distance and bearing of blade or fragment from tower base

Another effort would be to deliberately cause a rotor failure and obtain the above
information. This test could be conducted on a turbine at the end of its useful life in a
clear field. Explosive bolts or a ring charge could be used to separate the blade or
fragment from the turbine. The azimuth at break must be carefully determined.

35



5.0 Benefits to California

Researchers should use the information as background for developing models of the
rotor fragment hazard. California planning agencies should then use this new rotor
fragment hazard information, together witlh the information in this report as a tool for
modifying or establishing wind turbine setbacks.

A better understanding of the risks involved with wind energy will permit the
development of appropriate methods to manage that risk, thereby increasing the
acceptance of wind energy developments by local governments and the general public.
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7.0 Glossary

Specific terms and acronyms used throughout this paper are defined as follows:

Acronym Definition

Co Coefficient of drag

Cu Coefficient of lift

CWEC California Wind Energy Collaborative
DOE U.S. Department of Energy

DOF degrees of freedom

DTU Technical University of Denmark

EIR Environmental Impact Report

[EC International Electrotechnical Commission
Lkw Kilowatt (1000 Watts)

m Meters

m/s Meters per second

MW Megawatt (1,000,000 Watts)

NREL National Renewable Energy Laboratory
RPM Revolutions per minute

SERI Solar Energy Research Institute (predecessor of NREL})
WECS Wind Energy Conversion System
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1. INTRODUCTION

As part of the project “Handboek Risicozonering Windturbines (Guide for Risk-Based Zoning
of Wind Turbines),” research was conducted on incidents involving wind turbines that may
pose a risk to their surroundings. This information is used to quantify the failure events, as well
as for the development of a method, described in the Guide, to calculate the risks. These risks
include blade failure, tower failure, or any other parts of the wind turbine falling off. In order
to determine these risks, it is necessary to understand the possible failure events, and the
frequency of these events. Validation of the calculation method is impossible by means of
experimentation, butt in order to gain sufficient trust in the method it is necessary to have
information on what part of the blade has fallen off, its size, and the distance it traveled after
separation from the turbine.

To determine the failure frequency of blades, towers, and other parts of a particular wind
turbine, the ISET (Institut fiir Solare Energieversorgungstechnik) in Germany and the EMD-
(Energie- og Miljpdata) in Denmark have provided information[1,2]. Both institutes have a
database containing energy production, incident, and maintenance information for most of the
wind turbines in Germany and Denmark, respectively. Incidents and occurrences of
importance are selected based on the raw data that is extracted from the ISET and IMG
databases, in order to obtain insight into possible failure events. This information is also used
to determine the frequency of failure events per year, as well as to provide information about
the uncertainties. In this appendix the extracted data from the ISET and EMD databases are
combined and then applied to calculate failure frequencies.

A supplementary study was conducted based on the throw distance, dimensions of thrown
parts, etc. Based on information from the internet, magazines, and detailed information in ISET
and EMD reports, a summary of incidents and the related throw distances for different types of
turbines was made. The results of this research are included in this appendix.

When reading this report and applying the information in it, it is important to keep in mind the
following:

+ The data, particularly the number of incidents, are never complete. Not all incidents are
reported or known to the ISET, EMD, or ECN. To prevent this from [eading to false
results, the population of wind turbines for which statistics are calculated is specifically
chosen so that all incidents involving these turbines are known.

» Itisnot always possible to determine the way an accident developed. Sometimes it is
clearly reported that a blade (or two blades) has broken off and landed 100 m from the
turbine. Sometimes it is only reported that a blade has been damaged and replaced,
without any reports of pieces that may have broken off and been thrown from the



turbine. In cases where the extracted data were incomplete, a suitable conservative
interpretation of the data was applied.

Based on the information, five separate categories have been determined that are of importance
for the risk analysis.

1,
2.

Whole turbine blades or very large blade pieces breaking off and being thrown.

Brake tips and other blade pieces such as blade surface panels, composite material, bolis,
etc. being thrown from the turbine.

Tower collapsing.

Large parts, such as the nacelle, the whole rotor, or other main components, falling
down.

Small parts, such as the anemometer or bolts, falling down from the nacelle or the hub.

The reasons for this classification are as follows.

1.

A blade that has broken off can be thrown relatively far and has a large mass. It can
cause relatively heavy damage to another object.

A brake tip or a small part of a blade can be thrown very far. Because it las a small
mass, the chance of doing damage to another object is smaller than that of an entire
blade.

The collapse of a tower usually means great risk to anything in close proximity of the
turbine. The entire turbine has an extremely large mass and can therefore cause heavy
damage to anything close to the turbine.

Similarly to the tower collapse, the fall of a large component such as a nacelle can cause
heavy damage to anything close to the turbine.

Small parts that fall down cannot cause heavy damage. The risk area for this situation is
limited to just a few meters from the tower.

Each category requires a different approach to the risk analysis.

The shedding of ice is not listed here explicitly. The calculation of vulnerable distance and risks
for ice can be based on those for category 2 “brake tips and small parts of blades.” The
frequency of ice being thrown from a blade is very location dependent and therefore the
importance of this phenomencn cannot be determined generally for a turbine. Furthermore, the
AMVB [3) stipulates that wind turbines with ice on their blades are forbidden to start up.

In this report the following topics are addressed consecutively:



Results of the analysis of the EMD database.
Results of the analysis of the ISET database.
Calculation of the frequency of failure for the categories listed above.

Results of the analyses concerning the development of a calculation method for throw
distances.

A summary of the failure frequencies and a recornmendation on the application of these
values in rigsk analyses.



2. ANALYSIS OF DANISH FAILURE DATA

2.1 Infroduction

Energie- og Miljedata (EMD) has a database that contains approximately 6000 turbines in
Denmark. The energy production and failure data are registered for over half of these turbines.
The owners of the turbines can voluntarily submit a monthly report to the Danish Association
of Turbine Owners. This association performs an initial analysis of the information and then
codes it. The data is then sent to EMD. EMD feeds the information into their database. In total,
EMD has selected and reported 210 risk involved incidents [1].

The main goal of the analysis of the EMD-provided information is the selection of incidents and
the calculation of failure frequencies for the five categories (blades, tips, tower, nacelle and
rotor, or small parts). In determining the number of relevant incidents and determining the size
of the population of turbines, attention is paid to the following,

» The size of the total population of turbines is not always known. Not all turbine owners
submit monthly information. This can mean that there were no incidents, or that the
incidents were not reported. In particular, energy production numbers of turbines that
belong to electric utilities are submitted monthly, but incidents are seldom or never
submitted. Of the remaining turbines, incident reports are regularly submitted with the
energy production numbers. EMD has followed a conservative approach, and only
included those turbines for which incidents are regularly reported. Most turbines
belonging to electric utilities are therefore left out of the analyses. It is very probable
that most turbines larger than 1 MW belong to the electric utilities. This is exactly the
type of turbine that is most important for future risk analyses,

« Blade fracture is relevant to all turbines; a flyaway tip is only relevant to stall regulated
turbines with blade tips. Therefore, the size of the total population can be different for
each analysis.

« Most incidents are poorly documented, and the actual number of risk-involved incidents
cannot be determined for certain. EMD uses codes to indicate which component failed,
the reason for failure, and whether parts were thrown from the turbine. From the codes
it is difficult to determine the size of the thrown object, the distance thrown, and the
order of events. In some cases this information is included in the comiments. Between
1993 and 2000 the code was expanded. Between 1984 and 1992, the code was severely
restricted. [t was seldom even noted whether a compromised turbine had done damage
to the surrounding area. This made it possible for a turbine that had a complete failure
and lost many parts (see Fig. 2.1) to be reported exactly like a turbine that had a
complete failure and posed no risk to the surrounding area (see Fig. 2.2).



Fig. 2.2: Two examples of turbines that failed, but caused no danger to their
surroundings.



2.2 Turbine Population

The turbine population from 1984 through 2000, as provided by EMD, is separated into the
different types. The results are presented in Fig. 2.3. At the end of the year 2000 the total
turbine population reached about 2900 turbines. The total number of operating years reached
almost 30,000. By far the most turbines are stall-regulated turbines.
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Fig. 2.3: Number of wind turbines in the EMD database, separated by type.

When the turbines are separated into groups based on rated output, the distribution as shown
in Table 2.1 is established.

Table 2.1: Number of operating years, separated into groups based on rated output

Rated Output [kW] Operating Years Percentage

0-50 3229 11.0%

51 -300 24368 82.8%
301 - 750 1769 6.0%
751 - 1300 47 0.2%
1301 - 0 0.0%

Total 29413 100.0%




2.3 Failures and Incidents

Asis briefly discussed in paragraph 2.1, not all incidents are reported with enough detail to
make unambiguous conclusions. EMD has created the following four categories to indicate
how dangerous an incident is:

3. Definitely dangerous, unambiguously reported
2. May be dangerous, but not for certain

1. Not dangerous, unambiguously reported

(. Necessary information missing

In many cases it appeared difficult to indicate exactly whether a turbine had indeed lost parts as
in Fig. 2.1, or was just heavily damaged as in Fig. 2.2. The final results from the selection of risk
involved incidents are given in Table 2.2. The total can be seen in Table 2.3. This table includes
the total number of operafing years for each type. This number is obtained by summing the
number of turbines in operation per year over all the years.

Table 2.2; Number of risk involved incidents per year for each regulation type. For each type,
number of furbines in operation at that point is given per year.
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Table 2.3: Total of all risk involved incidents, total for all operating years, and
the number of operating years for each type of furbine.

1984-1992 | 1993-2000 | Tetal
Active Stall 0 43 43
Blades
Tips
Whole Turbine
Small Parts 1 1
Pitch 440 2245 2685
Blades
Tips
Whole Turbine
Small Parts 1 1
Stall 10038 13970 24006
Blades 5 7 12
Tips 1 2 3
Whole Turbine 1 2 3
Small Paris 19 1@
Unknown 1961 1194 3155
Blades 2 2
Tips
Whole Turbine 4 4
Small Parts
Turbine Years 12437 17452 29889
Total Incidents 13 32 45
Total Suspected Incidents 55 51 108

1

In the time period between the years 1993 and 2000, in total there were 11 “category 3 incidents
reported, and 66 “category 2 incidents.” Based on the information provided by EMD, and after
reading the commentary, there appeared to be 51 suspicious incidents; of the 77 total incidents,
26 could be eliminated. Of the 51 suspicious incidents, 32 were proven risky and were included
in the analysis. Between 1984 and 1992 there were 55 suspicious incidents, and 13 ended up
being included in the analysis.

From the detailed analysis of the incidents, it seems that some cases involved multiple parts
breaking off and being thrown. With blades, for example, it is possible for one, twa, or three
blades to be thrown. In the seven incidents involving blade throw between 1993 and 2000, a
total of ten blades were thrown. There were no incidents reported that involved more than one
object when it came to'the tips and small parts. Clearly when the incident invelved the tower or
nacelle, only one object can be affected. That is why there is a multiplication factor of 10/7 used
in calculating risk for the blades. The total number of incidents and the corresponding
population of turbines are tabulated in Table 2.4,



In EMD)'s report, only failures of the whole turbine were reported; no distinction was made
between the categories “nacelle and rotor” and tower failures. When the part listed was the
“turbine,” it was not immediately clear whether it was the tower or the nacelle that was
affected. Later analyses of the raw data, according to tables 2.2 and 2.3, showed that at least 2,
maybe even 3, of the 7 incidents involved the whole tower collapsing. That is why in table 2.4
there are half incidents.

Tahle 2.4: Overview of incidents in the total wind turbine population
Part 34-92 93-00 84-00 Factor Total Turbine Years Notes
Blades 7 7 14 1.4 20 29889 - Total number of turbines
Tips 1 2 3 1.0 3 24008 Total number of stall
turbines
Nacelle 3.5 1 4.5 1.0 4.5 29888 Total number of turbines
Tower 1.5 1 2.6 1.0 2.5 20889 Total number of turbines
Small Parts 21 21 1.0 21 17452 Total number of turbinas
between 1993 and 2000
TOTAL 13 32 45

As can be deduced from the previous paragraphs, determining the number of incidents within
the scope of the entire turbine population is done with much uncertainty. The population used
by EMD involves mostly three-bladed, stall regulated turbines, with a rated output of up to 750
kW. This population is made up of about 2900 turbines. Future turbines for which the risk
analysis is being done will most likely be pitch regulated turbines with an output greater than 1
MW, It is these types of turbines for which EMD has little information. It is not clear if there
were indeed no incidents, or if they merely were not reported.

2.4 Trends

Simultaneously the correlation between the age of a turbine and its frequency of failure was
researched. For this the 32 critical incidents between 1993 and 2000 were divided into four time
periods (0-5 years, 5-10 years, etc.). The number of incidents in each time period is divided by
the mumber of turbines that fall into that category. (Note that determining the population of
turbines in each category could not be done with great accuracy. The number of turbines
between 0 and 5 years old was determined by subtracting the number of turbines in operation -
in 1995 from the number of turbines in operation in 2000. It is unclear whether there were
turbines taken out of operation or replaced). Most failures were caused by turbines between 5
and 10 years old.



The relationship between the rated-power category of the turbines and their failure frequency
was also researched. The number of incidents in each rated-power category is divided by the
number of years in operation for each category. No trend is found.
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3. ANALYSIS OF GERMAN FAILURE DATA

3.1 Introduction

ISET has made an inventory of “critical losses” that have occurred in Germany over the past 10
years. ISET has defined a “critical loss” in the following way.

A critical loss is n sudden and lasting change in a wind turbine that can potentially or definitely cause
dmmage to the surrounding area. The cause of the change can be due to external sources (e.g. lightning
and storm), ov internal sources {fakigue).

It is therefore not conclusive that the recorded cases did cause damage to the surrounding area.
This inventory is in principle based on the WMEP database (Wissenschaftliches MeB- und
Evaluieringsprogramm), which is managed by ISET. Additional information was obtained
from technical publications and the internet.

Information from approximately 1500 turbines in Germany has been collected in a systematic
manner in the WMEP database since 1989. The results of these 1500 turbines provide a
representative overview for the approximately 10,000 total turbines that have been installed in
Germany. The database contains over 48,000 entries. i order to facilitate analysis of the
database, the above definition for a critical loss is used as a starting point.

Based on this definition, a number of search criteria have been devised for the database. The
most important criteria used are:

1. The shutdown of a turbine has to be the result of a failure (preventive maintenance and
other planned activities are thereby eliminated);
2. Eligible failure modes are:
- Storm
- Lightning
- Defective component
- Defective assembly or mounting
- Other causes; '
3. A repair or a replacement is required for one of the following main components:

- Rotor hub

11



- Blade
- Nacelle
- Tower

Repaits or replacements of gear boxes or generators are not included, because a failure of
these camponents rarely causes potential danger to the surrounding area.

The automatic search of the database with the aforementioned criteria resulted in 152 matches.
These matches are subsequently scrutinized one at a time by ISET, resulting in a further
reduction of the number of incidents. This finally resulted in 43 cases that could actually be
reported as involving serious damage.

These 43 cases involve the time period from 1991 until July 2001.

3.2 Turbine Population

The total number of operating years of all 1566 wind turbines included in the database at the
end of July 2001 was about 13,000 years. The 43 serious damage incidents correspond to 0.33
critical incidents per 100 operation years.

3.3 Failures and Incidents

The 43 cases of turbine damage from the WMEP database are arranged by type of damage. The
results are presented in Figure 3.1.

12
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Fig.3.1:  Type of damage for 43 cases involving serious damage.

Blade fracture, rotor failure, nacelle fall, and tower collapse are all of importance to risk
analyses, because it is these phenomena that can cause damage to people or objects in the
nearby surroundings. The other types of damage result only in economic damages.

With regards to blade fracture, there has been one report of a case where one blade broke off the
turbine. For the second case, no information is given on the number of fractured blades. For
further analysis, a conservative cenclusion was made that all three blades had fractured. So, in
total, there were four broken blades in the two cases of blade fracture.

Three cases of rotor failure were reported. With this type of failure there are a few possibilities:

1. The rotor failure causes the blades to break off and to be thrown from the turbine.

2. The rotor breaks off and falls from the turbine. The paris fall close to the turbine and the
effects are similar to those of a fallen nacelle.

One case was reported that involved blades striking the tower, and then breaking off. Asa
result, the number of cases of blade fracture becomes seven. [n the other two cases it was
reported that damage was found, but not whether blades were broken or a rotor fell. For these
twao cases it is assumed that it was the rotor that fell. It should be noted that there is no mention
of brake tips falling, or of small parts falling from the nacelle or hub.

13



The total number of critical turbine damage cases that are relevant to the risk analysis is shown
in Table 3.1. The research done by ISET focused on critical cases, therefore there is no
information on small parts. Nowhere is there mention of brake tip failure.

Table 3.1: Number of critical turbine damage cases with the potential to cause
danger to the surrounding area

Part Number Turbine
Years
Blade separation 7 13000
Faillen nacelle and/or rotor 4 13000
Tower failure 0 13000

3.4 Trends

From the analysis conducted by ISET, the following trend develops. Lightning seemed to cause
a great percentage (34%) of the heavy damage to turbine blades. However, as the blades
include better lightning protection systems, the number of heavy damage cases decreases
significantly. Now lightning causes only limited damage to the blade surface, near the
receptors which during preventive maintenance can be repaired.

14



4. FAILURE FREQUENCIES

In Chapters 2 and Chapter 3 overviews are given for the total number of incidents per turbine
part. The failure frequencies are calculated based on all reported incidents, from the EMD
database as well as the ISET database. Table 4.1 gives an overview of the total number of
incidents, and the number of turbine-years for which the incidents have relevance.

Table 4.1 also gives the calculated failure frequencies. The expected failure frequency value for
each part is calculated by dividing the total number of incidents by the number of relevant
turbine-years. It appears that the number of incidents is small compared to the number of
turbine-years, so the calculated expected value has a non-negligible uncertainty that can be
quantified by the probability density function of the expected value. The occurrence of a
particular incident can be modeled with a Poisson process. In a Poisson process there is an
invariable chance of an incident occurring in time. For n incidents in T turbine-years, the
probability density function for the failure frequency per turbine-year, f{1), is given by the

Gamma function [4], or
X
B—_u?Lu—l exp[_J
_ \BJ

f(A;0,B)y= @)

where

o=n

B= 1/T

Next to the expected value in Table 4.1 is also listed the 95 % upper limit for the failure
frequency.
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Table 4.1: Failure frequencies per part.

Part Total EMD and ISET Failure Frequency {1/turbine-year]
Number Turbine years Expected Value 95% upper limit

Blades ) 27 42889 6.3%10+ 8.4%10+4

Tips 3 24006 1.2%10+4 2.6*10

Nacelle 85 42889 2070+ 3.2%10+

Tower 2.5 42889 5810% 1.3*10+4

Small Parts 21 17452 1.27102 1.7*103

'} Failure frequency is based on total number of firbine-years, so this indicates the chance of blade
failure per turbine per year.
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5. ANALYSIS OF INCIDENTS AND THROW DISTANCES

In addition to determining the failure frequencies of blades, tips, turbines, and small parts,
attention was also paid to accident scenarios. To calculate the risk turbines pose to their
surroundings, it is important to know what throw distances are probable and how large the
separated parts are. Therefore, an analysis was done of incidents and accidents that are
published in detail, for which the following sources are consulted:

»  http:/fwilfriedheck.tripod.com/unf htin

» httpi//querudant.com/querulant/wind

»  http://home.wxs.nl/%Ewindshnieuws.htm

« http://home.wxs.nl/~hzwarber/wind/feiten/veilig htm

+ Energie- en Milieusp. 4-95
«  Windnieuws ODE 94/1

»  Windnieuws ODE 94/2

«  Windnieuws ODE Febr. 95
«  Windnieuws ODE April 95
s  Windnjeuws ODE Jan, 96

+  Windnieuws ODE Juni 96
+  Windnieuws ODE Sept. 96
» Duurzame Energie Dec. 95

+ Duurzame Energie Febr. 95

The results of the analyses are presented in Figures 5.1 through 5.4. In these figures, one for
each type of incident, the reported throw distance is presented (x-axis) as a function of the rated
power (y-axis}. The curves in each graph relate the approximate rotor diameter associated with
corresponding rated power level. The curves are added to put the throw distances in
perspective.

17
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Fig. 5.3: Throw distance due to fall of nacelles and rotors, as a function of
the rated power output, the drawn line gives the rotor diameter.
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The following can be concluded from Figures 5.1 through 5.4.

» Small blade parts and tips can fly very far. The maximum distance reported is 500 m.

s The maximum throw distance of an entire blade found during this analysis is about 150
m. Distances of 400 and 600 meters for entire blades were also reported in publications.
Nevertheless, attempts to confirm these numbers through contacting the owner or the
publisher were unsuccessful.

+  When a rotor or nacelle falls down, the risk zone is approximately equal to half a rotor
diameter.

»  When an entire tower fails, the risk zone is equal to the height of the tower plus half a
rotor diameter.
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6.

CONCLUSIONS

6.1 Recommended Risk Analysis Values

ECN has analyzed the reported incident information for a large population of wind turbines in
Denmark and Germany and determined the frequencies of:

*

Blade fracture;-

Tips and other small parts breaking off;
Tower failure at the tower root;

Rotor or nacelle falling down;

Small parts falling from the rotor or nacelle.

The chance of blade fracture is further separated into:

Failure at nominal operating rpm (revolutions per minute);
Failure during mechanical braking;

Failure due to overspeed.

The ECN aiso did an in-depth study of the possible throw distances due to turbine failure. The
results of this analysis are summarized in Table 6.1.
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Table 6.1: Failure frequencies and maximum reported throw distances

Part Failure frequency per turbine per year Maximum
throw
Expected 95% upper Recommend | distance [m]
Value limit ed Risk {reported and
Analysis confirmed)
Value [1/yr]
Entire blade 6.3*10" 8.4*10° 8.4*10" 150
Nominal rom 4.240"
Mechanical braking 4. 2107
Overspeed 5.0%10°°
Tip or piece of blade 1.2*10* 2.6*10* 2.6*10™ 500
Tower 5.8*10° 1.310° 1340 | Snaftheight+
half diameter
Nacetle and/or rotor 2.0"10" 3.2*10* 3.2410" Half diameter
Small parts from nacelle 1.2*10° 1,710 1.74107° Half diameter

6.2 Closing Remarks

Until now ECN, NRG, and KEMA and other organizations have conducted various risk
analyses. The failure frequencies used for these analyses were derived from a study of Danish
failure frequencies like those published between 1990 and 1992 in WindStats with the expected
values for the failure frequencies of blade fracture per turbine split up into:

» Failure at nominal operating rpm 1.3*10% per year
» Failure during mechanical braking (~1.25 times nominal rpm) 1.310° per year
« Failure by overspeed (~2 times nominal rpm) 5.0%10% per year

The total chance of blade fracture per turbine was 2.6%10~ per year. The analysis of the new
faitlure information shows that this chance is decreased by a factor of 3.1 to 8.4%*10~. The
recommended risk analysis value is 3,1 times smaller than the one used in the past.

Failure during overspeed is not reported in either ISET’s or EMD's data. The ISET data did
reveal that two incidents led to a long-lasting overspeed situation. The chance of this
happening is therefore 2/13,000 = 1.5%10~. The blades stayed in one piece in these situations.
Until now the chance of overspeed was determined by multiplying the chance of electric grid
failure (5 times per year), the chance of failure of the first brake system (1073 per claim), the
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chance of failure of the second brake system (102 per claim), and the chance of blade fracture in
this situation (=1). Here it is recommended to retain the old calculation value for blade fracture
during overspeed, as 5.0*10 per year.

Information about the tower failures was until now never derived from failure frequency
databases. Until now the assumption was made that the chance of a tower failure had to be at
least ten times smaller than that of a blade failure because it goes neatly unreported. The
calculation value of 1.0710~ was used. The new calculation value based on the 95% upper himit
is 1.3 times larger than the value that was used in the past.
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1 Summary

The California Wind Energy Collaborative has been tasked to look at batriers to new
wind energy development in the state. Due to the visibility of wind energy and its
community impact, planning commissions in the state have developed setback standards
to reduce the hazard of blade failures resulting in projectites. These standards are usualty
based on overall turbine height. New developments with larger, modern wind turbines
can be “squeezed out” of parcels thus reducing the economic viability. Current setback
standards and their development are reviewed. The blade failure probability is discussed
and public domain statistics are reviewed. The available documentation shows blade
failure probability in the 1-in~100 to [-in-1000 per turbine per year range. There is no
indication of improvement of this statistic with new technology. The analysis of the
blade throw event is discussed in simplified terms. The range of the throw is highly
dependent on the release velocity, which is a function of the turbine tip speed. The tip
speed of wind turbines do not tend to increase with turbine size, thus offering possible
relief to setback standards. Four independent analyses of the blade throw hazards were
reviewed. The analyses do not particularly provide guidance for setbacks.
Recommendations are made to use models from previous analyses for developing
setbacks with an acceptable hazard probability.

2 Glossary

Specific terms and acronyms used throughout this paper are defined as follows:

[ Acronym Definition
Co Coefficient of Drag
CL Coefficient of Lift
CWEC California Wind Energy Collabotative
DOE U.S. Department of Energy
EIR Environmental Impact Report
IEC [nternational Electrotechnical Commission
kW Kilowatt (1000 Watts)
m Meters
nv's Meters per second

{ MW Megawatt (1,000,000 Watts)
NREL National Renewable Energy Laboratory
RPM Revolutions per minute

(SERE Solar Energy Research Institute (predecessor of NREL)
WECS | Wind Energy Conversion System

Permitting Setbacks for Wind Turbines in California and the Blade Throw Hazard 1
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-3 Introduction

California has played a pivotal role in the creation and evolution of the wind power
industry. Wind power is unique in the visibility and exposure to the public as compared
to other forms of power generation. By necessity, communities have become involved in
planning for the development of wind power in their jurisdiction. Both the regulation and
technology of wind power evolved together in the last iwo decades.

Particular attention was made to protect the public from hazards, With the advent of a
new technology, the probability of failure is high because the physics are not well
understood. The engineering of the technology must also be balanced with economics,
and the balance is very tenuous at the beginning of a new venture. Equipment and
business failures plagued the industry in the last two decades, and legacy equipment still
fails at a high rate today.

One hazard possibility of wind turbines is the failure of the blade resulting in projectiles.
Concerns over public exposure to this risk led the counties to develop setbacks from
adjacent properties and structures. The development of county ordinances took place
independently of each other; however in most cases the fledgling wind power industry
was involved in the development (McClendon and Duncan 1985). In general, the
setbacks were based on the heights of the turbines.

Utility scale turbines installed in California have evoived from 50 kW machines of 25 m
overall height to 1.8 MW machines of 100 m overall height. The nature of that evolution,
in general, is that manufacturers stop production of smaller turbines due to improved
economics of the new larger turbines, With increased overall height, the setback is
increased, and modern turbines can be “squeezed out” of developmenis.

The California Wind Energy Collaborative (http://cwec.ucdavis.edu/), through its
“Windplant Optimization” task, has been directed to prepare this white paper on
permitting issues in regards to the blade throw hazard. The concern over restrictions on
development was the impetus to study current ordinances and the blade throw hazard.
Two possibilities offer the potential for relief in this area. Modern wind turbines might
offer higher reliability, thus lowering the risk of blade failure. Second, in the event of a
blade failure, the hazard area is governed by the blade tip speed. This tip speed has not
changed, and in some cases is reduced for modern turbines. Therefore, more appropriate
setbacks might be a fixed distance, and not a function of the turbine size. These
possibilities. along with background research, are discussed in this report.

4 California Zoning Ordinances for Wind Energy

One objective of this white paper was to report on current permitting issues with regards
to setback issues, Research was conducted to document the current setback requirements
and determine how they were developed. The research was narrowed to counties with a
history of wind energy development and with future projects in the planning stages.

Permitting Setbacks for Wind Turbines in California and the Blade Throw Hazard 2
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Wind Turbine setbacks are codified for other reasons besides safety. Scenic corridors
might be established so that views are not adversely impacted by new structures,
Acoustic emissions from turbines might limit siting. Maximum sound pressure leveis
might be established at property lines or dwellings, constraining the placement of
turbines.

As discussed above, setbacks can be established to minimize risk of component failure on
property and personnel. The setbacks are usually a multiple of the total turbine height,
from tower base to upper extreme point of the rotor (see Figure 1). Generaily the
setbacks can vary from 1.25 to 3 times the overall machine height. Larger sethacks are
sometimes required for special areas. In contrast to these standards, counties in
California with more rural development, such as Merced and San Joaquin, use building
setbacks and do not distinguish wind turbines separately.

T Total
Height

Hub
Height
Rotor
Diameter

Figure 1. Wind Turbine Dimensions

4.1 Example Wind Farm and the Problem with Setbacks

As an illustration of the potential of setbacks limiting modern wind energy development,
consider the following hypothetical situation. A developer has a one thousand by one
thousand meter (one square kilometer or 247 acre) parce! of land available in a county
with three times machine total height setback. The site has a strong prevailing wind
direction, and the machines must be spaced in consideration of wake effects of three
diameters crosswind and ten diameters downwind., Two machines are considered:

I. Vestas V-47
*  660-kW full rating
o 47 meter rotor diameter
s 30 meter tower height
2. General Electric GE 1.5s

Permitting Setbacks for Wind Turbines in California and the Blade Throw Hazard 3
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1500-k'W full rating
70.5 meter rotor diameter

65 meter tower height

The layouts are shown in Figure 2 and Figure 3, with shaded zones representing the
setback areas.
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4.2 Current Wind Energy Ordinances

The majority of the county ordinances can be obtained from the Internet. Many counties
have their codes residing on Ordlink (http://ordlink.com/), a LexisNexis product. The
author strongly suggests checking the current information available on the web sites.
Checking the requiremnents would especially be important during the lifetime of a
development project. Information on current ordinances and safety setback requirements
is summarized in Table 1,

CWEC-2005-001

Table 1. Setback References in California County Ordinances

internet Site Ordinance Setback Reference
Alameda code for wind energy not | Draft Environmental Paragraph 15. Safety
available on internet Impact Report, Sethack
Repowering & Portion of
the Altamont Pass Wind

Resource Area, Appendix
A, Alameda County
Windfarm Standard
Conditions

Contra Costa

http:/Awww. co.contra-

County Code, Title 8

88-3.602 Sethack

costa.ca.us/ Zoning, Ch. 88-3 Wind Requirements
Energy Conversion
Systems
Kern hitp/fordiink.com/codes/k | Title 18 Zoning, Chapter 19.64.140
armcoun/ 19.64 WIND ENERGY Development
(WE) COMBINING standards and
DISTRICT conditions
Merced hitp:iweb.co.merced.ca.i | Zoning Code (Ordinance) | Table 5 Agricuitural
siplanning/zoningord.htmi | Ch. 18.02, Agricultural Zones Development
Zones Standards
Riverside hitp:fiwww.tima.co.fiversi | Ordinance 348, Section 18.41.d(1) Safety
de.ca.us/planning/ord348. | 18.41, Commercial Wind Setbacks
him! Energy Conversion
Systems Permits
Sofano code for wind energy not | Wind Turbine Siting Plan Page 17 Safety
available on internet and Environmental Impact | Setbacks

Report 1987

4.3 Wind Turbine Setback Comparison

Table 2 below lists setbacks for several of the counties organized by feature that the
turbine must be displaced from, such as a property line. The distances are stated in
multiples of overall turbine height (see Figure 1). If a fixed distance is included with the
multiple, then the maximum of the two values must be used for the setback.
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Table 2. Safety Setback Comparison

NOTE: For reference only- check counties for current zoning requirements.

Property Line | Dwelling Roads Reductions in
Sethacks

Alameda County Ix/300 & (21 3x/500 ft (152 3x/500 ft (152 maximum 50%
m), more on m), more on my), 8x/500 ft reduction from
slope slope from [-580, huilding site or

mora on sloped | dwelling unit but

terrain minimum 1.25x,
road sethack to
no less than
3607 (91 m)

Contra Costa County | 3x/500 ft (152 1000 £ (305 m) | None axceptions not

m} spelled in
ordinance can
be filed with
- county

Kern Gounty 4x/500 fit {152 4x%/1000 ft (305 | 1.5x With agreement
m) <40 acres or | m) off-site ftom adjacent
not wind energy owners to no
zone, 1.5x >40 less than 1.8x
acres

Riverside County 1. 1% to adjacent | 3x/500 ft {152 t.25x for lightly | None
Wind Energy m) to lot fine traveled,

Zones with dwelling 1.5x/500 ft (152
m) for highly
traveled.

Solano County 3x/1000 ft (304 | 3x1000f (304 | 3x Setback waived
m} adjacent to m) with agreement
rasidential from owners of
zoning, 3x from adjacent
other zonings parcels with

wind turbines

There is quite a mixture of requirements amongst the counties. Riverside County
maintains the minimum setback distances to properties with adjacent wind energy zoning.
Also note that Alameda County has adjustments for sloping terrain. If the ground
elevation of the turbine is two or more times the height of the turbine above the feature,
the setback distance increases from three times to four times. All with exception of
Riverside County allow for reduction of the setback distance with special consideration.
An example of reduced setback can be found in the Altamont Repowering EIR (Alameda
County 1998b), where a developer submitted a blade throw analysis as substantiation for

the reduction.

Merced County, as stated before. with some wind energy development in the Pacheco
Pass area, utilizes standard building setbacks for wind turbines in agriculturat districts.
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4.4 County Wind Energy Ordinances in the Literature

With exception to Solano County, the ordinances are not explanatory documents; no
background information is provided. The most comprehensive paper on the subject of
wind energy permitting in California comes from McClendon {1985). Although this
paper was written in 19835, it captures the essence of the process at the time and generally
not much has changed in the interim. Another paper by Throgmorton (1987) focuses on
Riverside County development excfusively. Further ciues to the development of
standards can be found in Environmental Impact Reports written for the counties on
specific developments. The counties will be discussed separately below.

References in the literature to safety setbacks are scarce. One can be found in Taylor
(1991). Taylor proposed setbacks for a 30-meter diameter rotor machine, but no tower
height is mentioned. The proposed setbacks were 120-170 meters from a habitation or
village, 50 meters from a lightly traveled road, and 100 meters from a heavily traveled
road. Ancther mention of setbacks for safety can be found in 2 Windpower Monthly
article regarding a rotor failure in Denmark (Maller 1987). A setback of 90 meters plus
2.7 times the rotor diameter was proposed. No guidance can be obtained from the Wind
Energy Permitting Handbook available from the National Wind Coordinating Committee
{(NWCC 2002). In all the above references, there is no discussion of the technical basis
for the setbacks.

4.4.1 Alameda County Ordinance

Alameda County, encompassing most of the Altamont pass, was one of the first regions
in the world to have large-scale wind energy development. The Altamont Pass area has
until recently been isolated from population centers, lowering the possibility of conflict
with the community. The McClendon paper (1985) reports concerns over safety and
reliability of wind turbines resuited in an ad-hoc public/industry group to develop new
standards. The setbacks as they stand today can be found in Resolution Number Z-5361
of the Zoning Administrator of Alameda County from 5 September 1984. There is no
known technical description on how the setbacks were developed.

4.4.2 Contra Costa County Ordinance

Contra Costa encompasses the northern portion of the Altamont pass. The zoning
language is much less specific than Alameda County, but the setbacks are similar.

4.4.3 Kern County Ordinance

According to county personnel and from McClendon (1985), the standards for Kern
County were developed with an ad-hoc committee of wind energy people and other
interests, as in the case with Alameda County. Kern has stricter setbacks for properties
not zoned for wind energy development. but is less restrictive for roads (see Table 2).

4.4.4 Riverside County Ordinance

Riverside County can always be viewed as an area of intense development. Regulations
were established after an extensive EIR by Wagstaff and Brady (Riverside County
California, United States Bureau of Land Management. et al. 1982). Clues to the
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majority of the setback distances can be found in the report. Although there is no
technical basis for the original setback of three times the total height of the turbine, one
can infer that this distance arose from the discussion of wake effects. It was expected
that in-row spacing for wake effects would be six diameters, and adjacent wind energy
parcels would require a spacing of at least half this distance. The report also mentions an
estimate of the throw distance for the MOD-0A, an early Westinghouse machine. The
stated value of 500 ft (152 m) translates to three times overall height for this turbine.
Evolution of the ordinance resulted in reduction of some of the setbacks, which now
seem to offer a buffer for the possibility of tower collapse.

4.4.5 Solano County Crdinance

Solano County also developed wind turbine requirements with industry involvement in
1985. The outcome of this work was the Solano County Wind Turbine Siting Plan
(Solano County 1987), which remains as the guide for permitting in the county. The plan
supercedes the current language in the zoning ordinance that has setbacks of 1.25 times
the overall turbine height. This plan was also developed by the authors of the Riverside
County EIR, and proposes a “three times” setback. The estimated blade throw of the
MOD-0A is again mentioned. There is a comparison of the setbacks with the potential
blade throw of the MOD-2 turbine. The blade throw of this turbine in a vacuum was
estimated at 1300 feet (396 m, 3.7 times overall turbine height) for a broken tip and 700
feet (213 m, 2 times overall turbine height) for the whole blade. There is no technical
discussion for these values and they are not tied into the proposed spacing. Also amongst
the county literature is the Montezuma Hills EIR (Solano County and Earth Metrics
1989), where a three times diameter safety setback was proposed, with no consideration
for turbine height. Neither reference provides a technical basis for the setback distance.

5 Blade Failure Probabilities

We now turn to the probability of a blade failure cccurring. Probabilities will be
discussed in terms of ratios. For example, a coin toss with heads has a one in two
probability, represented equally as 0.5, %, 5 x 10 A probability of something occurring
once in one-hundred trials can be represented as 107, The probability applied to blade
failures will be stated as the probability of failure for a turbine in one year of operation.
A probability of 10 can then be understood that on average there will be one blade
failure in a year for every 100 turbines,

Reporting on turbine failures is very limited. most likely due to the sensitivity of the
industry; however there are a few accounts in the literature. Also, there are statistics in
the public domain of blade failures in Alameda County and from the WindStats
newsletter for Denmark and Germany, '

Types of blade failures are as follows:
¢ Root connection full blade failure
» Partial blade failure from lightning damage
e Failure at outboard aerodynamic device
» Failure from tower strike
s Partial blade failure due to defect
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¢ Partial blade failure from extreme load buckling

Some of the causes of blade failures:
» Unforeseen environmental events outside the design envelope
s Failure of turbine control/safety system
*  Human error
* Incorrect design for ultimate loads
s Incorrect design for fatigue loads
e Poor manufacturing quality

Not surprisingly, most failures are a combination of these factors, which points to the
complexity of the technology. And, the probabilities of some events are highly correlated
with each other. For example, loss of grid power is highly correlated with high wind
events. The potential then exists for a contro! system malfunction due to loss of power to
coincide with a high loading event. Thus the turbine designer must plan for both events
occurring simultaneously.

5,1 Blade Failures in the Literature

One of the earliest documented blade failure events comes from one of the first
applications of utility-scale wind energy (Putnam 1948). it is also one of the few
accounts with a published distance. The Smith Putnam 1.25 MW turbine suffered a blade
failore in its test campaign resuiting in a blade throw of 750 ft (230 m), or 3.7 times the
overall height. The failure was attributed to lack of knowledge of the design loads for the
turbine. The blade throw was probably exacerbated by siting on a slope (approximately
ten degrees). The blade was of steel construction, with a weight of eight tons (7260 kg).
That is at least 50% heavier than modern construction. A heavier blade could fly farther
due to a reduced drag-to-weight ratio (Eggers, Holley et al. 2001),

The next period of literature deals with the anaiysis of large-scale turbines under
development in the 1970s and early 1980s. Although the possibility of failure was
discussed, no menticn of the probability was placed forward for the Department of
Energy (DOE) MOD series turbines such as the General Electric MOD-1 (General
Electric 1979) and Boeing MOD-2 {Lynette and Poore 1979). The Solar Energy
Research Institute (SERI) conducted a preliminary study of wind turbine component
reliability (Edesess and McConnell 1979). Using an analysis of the individual failure rate
estimates and inspection intervals of the rotor and braking systems, the authors predicted
a failure rate for the wind turbine rotor at 1.2 x 107 per year.

A strong early wind program in Sweden prompted studies of the subject (Eggwertz,
Carlsson et al. 1981) where the first attempts at analyzing the blade throw hazard was
attempted. The blade throw analysis is discussed below. The first guess at the
probability of failure was made, at one in 100,000 (107} failures per turbine per year.

The evolution of the wind industry back to smaller turbines brought large scale
manufacturing and experience was gained with failures of equipment. Ina 1989 paper,
De Vries (1989) conducted a blind survey of manufacturers that reported on 133 turbine
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failures in the industry. De Vries also placed probabilities at 2 x 107 rotor failures per
turbine per year for the Netherlands, 3 to 5 x 10 for Denmark and 3 x 107 for the
United States. This is two to three orders of magnitude higher than predicted by
Eggwertz, but came closer to the SERI analysis.

Reports of failures can be found occasionally in Windpower Monthly; for example a
rotor overspeed failure in Denmark (Meller 1987) and full-blade failures in Spain {(Luke
1995). A report in the technical literature comes from Germanischer Lloyd (Nath and
Rogge 1991), one of the cestification bodies for wind energy. The paper describes two
medium-size turbine blade failures. The rotor diameter and tower height were not
repoited. One failure was attributed to insufficient shutdown braking force resulting in
overspeed, and blades were thrown to 150 and 175 meters. The other failure was
attributed to poor manufacturing quality and blade fragments were thrown 200 meters,
Updates to certification requirements were made as a result of the failure investigations.
These certification requirements call for redundancy in safety shutdown systems and
quality control in the blade manufacturing process. De Vries had also earlier suggested
stricter certification requirements to reduce the blade failure rate.

One wind turbine manufacturer has made a public testimonial of their blade failure rate.
A managing engineer at Vestas, in testimony for the Kittitas Vatley Wind Power Project
in Washington State (Jorgensen 2003), declared that there had been only one blade failure
in ten-thousand units for twelve years. The failure reported occurred in 1992 on a V39-
500 kW machine and a blade was thrown 50-75 meters. If we assume an average of six
years of total operation for the entire fleet, the failure rate would be estimated at 1.6 x 1
* blade failures per turbine per year.

5.2 Alameda County Turbine Failure Data

Under Article 15 of the Alameda County Windfarm Standard Conditions (Alameda ;
County 1998a), a windfarm operator must notify the County Building Official of any
tower collapse, blade throw, fire, or injury to worker. Recent files of failure data from ’
the county building department were compiled by the CWEC in order to determine
failure rates. County representatives claim that not all operators have been diligent in
their reporting, but one operator of Kenetech 56-100 machines has been. These turbines
are 100 kW machines with 56 ft (17 m) diameter rotors. The majority were manufactured
in the 1980s. The failure reports only indicate the failure type; no mention of blade throw
distance (if it occurred at all), or the conditions at time of failure, is mentioned. The
failures could have been discovered as the result of an inspection and the blade had not
yet separated from the rotor. The failure data covered the year 2000 to fall of 2003. The
number of Kenetech 56-100 machines in operation by this operator was obtained from
the California Wind Performance Reporting System (http://wprs.ucdavis.edu/).

For the time period of the reports, the blade failure rate was 5.4 x 10 failures per turbine
per year. This value coincides well with that reported by De Viies (1989). Asa
comparison the failure rate for the tower was 6.9 x 10™ failures per turbine per year, an
order of magnitude less probable than the blade failure rate.
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5.3 WindStats Turbine Failure Data

WindStats is a technical publication for the wind industry published quarterly in
Denmark. Faijlure data is available for wind turbines reported in Denmark and Germany.
The Denmark data has been available since 1993; the Germany data from 1996. Like the
Alameda County data, the data only indicates failure type; no mention of blade throw
distance (if it occurred at all), or the conditions at the time of failure, is mentioned. Data
up to the Spring 2004 issue was compiled.

For Denmark, the failure rate for blades was 3.4 x 10 failures per turbine per year.
Again, this is within the values reported by De Vries (1989) in the late 1980s.

The tower failures for the same period are 1.0 x 10°*. As with the Alameda data, the
tower failure probability is an order of magnitude lower than the blade failures. For
Germany the data is reported as “rotor” failures, which for the reporting period was 1.5 x
107 failures per turbine per year. This is an order of magnitude higher than the Denmark
data, but on the same order of the Netherlands in De Vries. There are no apparent trends
in the data indicating changes in failure rates over time.

5.4 Remarks on Blade Failure Probabilities

The hmlted available stafistics show that the blade failure probability is on the order of
107 to 10 failures per turbine per year, and there seems to be no evidence showing
unplovement with technology. With industry experience the estimate of Eggwertz
(198 1) of 107 failures turned out to be optimistic. The failure rate of Vestas blades
estimated at 1.6 x 107, is impressive and if the industry as a whole could attain this rate
the discussion of safety setbacks would be made nuch simpler. However, this statistic
should be independently verified before being used as an example for the industry.

A report by the Energy Research and Development Administration (ERDA 1977)
mentions the possibility of designing fail-safe cable retention systems to prevent blade
throws, similar to the safety cable systems for race car wheels. Modern turbines have
large cables for lightning protection, perhaps these can be used for this purpose also.

6 Blade Throw Analyses

Analysis of potential blade throws were studied by four researchers and details of their
work will be discussed below. The impetus behind these researches was to study the
hazard potential of the blade failure. Blade failures can occur with the machine operating
or stationary. however the operating case was only studied in the literature.

6.1 Background of Blade Throw Models

6.1.1 Parked Turbines

Wind turbines are parked if the wind speed is out of the operating range, or if there is
fault detected while the wind speed is within the operating limits. The typical high wind
shutdown for a wind turbine is 25 m/s. The turbine is usually designed to withstand a
peak gust outlined by the International Electrotechnical Commission (JEC). Peak gusts
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for various wind classes are shown in Table 3. The peak gust is defined as a three-second
average gust that has a fifty percent probabtlity of occurring in fifty years, more
succinctly known as “50-year wind.” The IEC wind classes are also distinguished by the
annual average wind speed. Ail wind speeds are designated at hub height.

Table 3. IEC Peak Gusts

IEC Class | 1 111
S0-year wind 70 m/s 59.5 m/s 52.5m/s
Annual Average 1) m/s 8.5 m/s 7.5 m/s

1f a blade has failed in a parked condition there is no initial velocity of the projectiie.
Any movement away from the turbine will be constrained by gravity and the
aerodynamic force of the ambient wind. None of the analyses stndied the failure of the
parked turbine, and it can be assumed that failure during operation will result in a higher
probability of the blade or a portion of the blade flying farther.

6.1.2 Ballistics Models

Analysis of blade failure uses methods of classical dynamics in order to describe the
problem. Figure 4 is a representation of a blade failure. If there is a blade failure, either
a portion or the entire blade, the motion of the projectile is governed by specific forces.
If the failure has taken place while the turbine is operating, the blade has an initial
velocity due to rotation, while in flight the motion is constrained by gravity and
aerodynamic forces. The initial velocity of the blade fragment is a function of the tip
velocity, determined by Equation [:

Equation } vV, =QR

ﬂ‘ﬂ =

where:
Q= rotor rotational speed, and
R = rotor radius.

Normal operating tip speeds of the turbines studied in the literature varied from 40 m/s to
100 m/s. Modern wind turbines fall within this range. The tip speed is chosen to meet
the performance requirements for the turbine and also to minimize acoustic emissions.
The jower the tip speed, the lower the loads and noise from the blades for a given biade
design. This can be compared to the low/high switch setting for a fan.
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Figure 4. Blade Throw Schematic

If there is a failure of the blade, the initial velocity at separation will be given by
Equation 2:

Equation 2 Vo =Qr,
where:
¥, = Initial velocity of fragment at center of gravity.

r, = Radial position of the fragment center of gravity.

Because of this relation, the initial velocity of a blade fragment tends to be higher than
that of an entire blade because the fragment has a greater radial position. Also at the time
of separation, the blade or fragment has the same angular velocity (or spin) as the rotor.

A rudimentary model of ballistics is the path of a projectile in a vacuum. The only force
acting on the projectile is gravity. The total ground range achieved by the projectile, with
release height and impact height equal. is given by Equation 3.

Vi,
Equation 3 X =-2-5in 26

g
where:
X = horizontal total ground range of a projectile in a vacuum
g = gravitational acceleration
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8= release angle between the velocity vector and horizontal.

The release angle is directly related to the blade azimuth, which is the position of the
rotor at a particular time.,

Because the aerodynamic forces are not modeled, the projectile is not affected by the
ambient winds, and does not travel downwind. The maximum range in a vacuum is
achieved when the release angle is 45°. With this value of the release angle, Equation 3
becomes Equation 4.

Equation 4 X =

where:
X = maximum horizontal range of a projectile in a vacuum.

max

The values of range from this simple model are not realistic because the atmosphere is
not a vacuum. This simple model however, shows the importance of the release velocity
because it is a squared term. For example, a 10% increase in release velocity increases
the maximum range by 21%. This model also shows the dependence on the release
angle. In any probability study this would have to be a random parameter, because it is
assumed that a rotor failure would not be dependent on the azimuthal angle.

More complex models, to be discussed below, increase on the complexity of the vacuum
maodel. The most common approach is to assume that the agrodynamic force is
proportional to the square of the instantaneous velocity. The aerodynamic force is
separated into lift and drag, and the constants of proportionality are called coefficients of
lift and drag {C, and Cp). Both the crosswind and downwind distances are determined.
The solutions for the projectile range from these models cannot be solved directly and
require numerical methods. The next level of complexity assumes that Cp and Cp are
dependent on the orientation of the projectile, and the blade is modeled as a rotating and
translating wing.

6.1.3 Rotor Overspeed

One particularly hazardous failure scenario is turbine overspeed. The increased velocity
in overspeed will over stress the rotor blade. and, in ihe event of a failure. increase the
range of the projectile. The rotor is usually designed with a safety factor of 1.5. Ifthe
rotor loads are approximately proportional to the rotor speed (Eggers, Holley et al. 2001},
the rotor could possibly fail at 1 50% of nominal rotor speed. To prevent this possibility.
most wind turbines are equipped with redundant safety systems to shutdown the rotor. A
turbine with industry certification (e.g. Germanischer Lloyd 1993), must have a safety
system completely independent of the control system. The safety system must also have
two mutually independent braking systems. Usually the blades pitch to release the
aerodynamic torque and a brake is applied to the shaft. In the event of a fajlure in one
system, the other system must be able to hold the rotor speed below maximum. An
emergency shutdown is typically designed to occur if the rotor speed exceeds 110% of
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nominal. Even with redundant safety systems, rotor overspeed still occurs in industry,
sometimes by human error when the safety systems have been defeated during
maintenance.

6.1.4 Impact Probabilities

The analyses next turn to the probability that a projectile will hit a certain target or a
particular area in the range of the turbine assuming a blade failure, The authors have
various approaches to determine this probability; this will be discussed below. The
probability of impact is then multiplied by the probability of blade failure, discussed in
the previous section. The final result is the probability that a target fixed at a certain
range from the turbine will be hit in one year. Iftargets are not fixed, such as carson a
roadway, then the probability must be multiplied again by the probability that the target
will be in position. Mobile targets are not discussed in the analyses.

A simplified impact probability can be derived from Equation 3. Since this relationship
is only valid for a ground release, only release angles of 0 to 180° (see Figure 4) result in
movement away from the release point. Release angles of 180 to 360° result in impact at
the base. The random release angle is assumed to have uniform distribution from 0 to
360°. Using methods of probability, the probability that a fragment will fall within an
annulus that is less than the maximum range is given by Equation 5.

Equation 5 PIX sXsX,< Xme.x}=£[arcsin X1 _ arcsin -2t }
T

max max

where:
A, = innerradius of annulus.
X

, = outer radius of annulus.
This relationship is plotted in Figure 5. Note that the relatively high probability directly
under the tower is not shown. The nature of the equation results in an increasing
probability of impact in the outermost annuli, due to a wide range of release angles that
provide nearly the maximum range. However, the annular area increases with increasing
radius.
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Figure 5. Probability of Impact Within an Annular Region

We next assume that the target is an annular sector, as in Figure 6. In order to make the
sector size roughly equal throughout the ballistic range, we set the outer arc length (S)
equal to the annular width, given by Equation 6:

Equation 6 S=X,-X,
The arc length is alse given by
Equation 7 S=X,xp
where:
@=  Sector angle in radians
Equating Equation 6 and Equation 7 and solving for the sector angle we obtain:

__Xz_Xl

Equation 8 @ 5%
2
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X

X

Figure 6. Target Annular Sector

The probability of impact in this annular sector, assuming equal probability in all
directions, is given by:

X, .
Equation 9 P{X,,XZ,IJJ}:ij[arcsm 2 —aresin X, }
)

max max

This relationship is plotted in Figure 7. This simplified model shows a peak in
probability near the tower base, and then a relatively constant probability until the
probability rises again near the maximum range. This behavior is similar to more
complex medels incorporating aerodynamics. The peak at maximum range places a
constraint on the overall hazard and acceptable setback distances.
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Figure 7. Probability of Impact in Annuiar Sector
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6.1.5 Multiple Turbines

If there is more than ane turbine in the area, such as in a wind plant, then the individual
probabilities must be added for a particular area. This is mentioned briefly in Macqueen
(1983). The probabilities add according to the Law of Total Probability; for two turbines
this is represented in Equation 10.

Equation 10 P(A+ B) = P(4) + P(B) - P(A4,B)

where:
P{A+ B)= Probability of A or B or both occurring
Pl = Probability of A occurring
P(B)= Probability of B occurring.
P(ABR)= Probability of both A and B occurring (Equation 11).

Equation 11 P(A4, B)= P(A)P(B/4) = P(B)P(4/ B)

where:
P(B/A)=  Conditional probability B occurring given A has occurred

P(A/B)y=  Conditional probability of A occurring given B has occurred

If the events are independent, which would be the case in a random failure, the
conditional probabilities are from Equation 12 and Equation 13.

Equation 12 P(B! A)= P(B)
Equation 13 P(A4/B)=P(A)

The overall probabilities become Equation 14.
Equation 14 P(A4+ B) = P(A)+ P(B) — P(A)P(B)

As an example, consider a region that has a 10-4 probability of impact from a Turbine
“A” and a 10-5 probability of impact from Turbine “B”. From Equation 14, the overall
probability of impact is:

P(A+B)=10" +107 — (107 x10™)
PA+B)=1.1x10"

These formulae can be expanded for multiple turbines,

6.1.6 Overall Probability

The overall probability can then be compared to other risks. De Vries (1989) mentions a
government policy in the Netherlands of one-in-a-million (10°%) per year risk level for
new industrial activities. This is on the same order of present-day industry quality
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programs, such as “Six-Sigma,” with a failure rate objective of three-in-a-million.

Paewously we discussed blade failure probabilities on the order of one-in-a-thousand

(1 ) to one- in-a-hundred (10°%). If we assume a conservative value of one-in-a-hundred

(10° ) this results in a required probability of impact of less than one-in-ten-thousand
(10 )pe; year.

6.2 Blade Throw Analyses in the Literature

6.2.1 Eggwertz, Sweden 1981

This is the first documentation of a blade throw analysis, and is a comprehensive report
on turbine structural safety for the Swedish industry. At the time, megawatt-size turbines
were being considered for power production in Sweden, The analysis referenced
previous work in Sweden on the possibility of blade gliding due to spin; however the
extension of the blade flight was considered negligible. For the examination of risk
areas, the drag coefficient in the analysis was fixed at 0.5 for lateral and downwind
directions, and the lift coefficient was assumed to be zero.

For the probability analysis the blade and azimuth locations were divided into equal
spanwise sections and equal weighting was applied to failure at these sections. This
allowed for a semi-random probability of failure of the blade at a particular section and at
a particular azimuth. A total of 144 throws were modeled. A discussion was made of the
probability of blade failure, mentioned in the Blade Failure section, but no criteria were
applied in the final analysis.

The discussion of the physics and probability of impact is very detailed. The danger area
included considerations of sliding and rotation of the blade fragment. The fragment was
assumed to translate on the ground and come to a complete stop due to fiiction. The area
surrounding the turbine was divided into 10-m rings and the fragment impact area within
the ring was divided by the total ring area. The probability calculated assumes equal
probability of launch for all wind directions. The result was the risk level that a target
within a ring will be hit.

The overall analysis was conducted for a 39 meter radius machine at an 80 meter hub
height operating at 25 rpm in a 7 m/s wind speed. This was considered to be the most
likely operating condition. Assuming that a failure had occurred, the probability was
high at the tower base and then relatively even at 10™ until 200 meters. The analysis
showed the probability of impact from any fragment dropped off dramatically (below
107%) at 220 meters. This throw dlstance is 1.8 times the overall turbine height. The
throw distance for a probability of 10 is only slightly less than this value. The dramatic
drop off in the probability at 220 meters was used as a basis for the safety area around the
turbine; however, the calculations were made at nominal operating conditions and at a
single wind speed. Failures in an overspeed conditions would increase this area.

The next published work (Macqueen, Ainsilie et al. [983) expanded on Eggwertz’s work
to include failure possibilities besides those at nominal operating conditions.
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6.2.2 Macqueen, United Kingdom 1983

This work was conducted in the United Kingdom for the Central Electricity Generating
Board. As in Sweden, the United Kingdom was considering generating electricity with
megawatt-size wind turbines. Macqueen starts by bounding the problem with an analysis
of the maximum launch velocity of a blade fragment being limited by the approach of the
speed of sound. An estimate of the maximum velocity is 310 m/s in an extreme
overspeed condition for a typical turbine. The projectile distance would not exceed 10
km using classical ballistics results with no aerodynamic drag. It is unreasonable to
expect setback criteria of this distance; the turbine rotor would probably fail at a much
lower vefocity. However this provides an upper extreme limit.

The analysis followed the same lines as Eggwertz with analysis of gliding and tumbling
and classical ballistics with average lift and drag coefficients. The tumbling analysis was
to determine the conditions for stable, gliding flight of a fragment. Macqueen reasoned
that the flight time of a fragment was several times longer than one tumbling period and
therefore stable fiight could not be expected. However gliding was considered as a rare
case if the blade did not leave with sufficient rotational energy. For the tumbling case,
Macqueen reasoned a Cp of 0.0 and a Cp of 1.0, For gliding, lift was chosen as C = 0.8
and Cp= 0.4. Macq}ueen estimated the probability of gliding occurring in a potential
failure at 10710 107

Macqueen also included a discussion of a three-dimensional model of biade flight, and
concluded that the model did not show the blade achieving a stable gliding cendition.
Macqueen concludes that the effect of lift in the three dimensional case increases the
range of flight by no more than [0%.

A series of runs at equally spaced azimuthal positions were used to develop the
probability distributions. The possibility of sliding after impact was not addressed in the
current work. He then separated the analysis into two failure events, one at a 10%
overspeed at average winds, the other at the maximum possible release velocity with an
extreme gust. The turbine studied was of similar geometry to the MOD-2, with 91 m
diameter rotor and 61 m hub height.

The probability of impact is weighted by area (per square meter), and assumes equal
distributions in all directions. Probability distributions showed peaks near the tower and
at the maximum range, similar to the simplified model in Figure 7. The probability of
impact was then a function of the target and fragment size. Macqueen reasoned that the
blade fragments would be large compared to target, making the probability independent
of target size; however this would not be the case with a busy roadway, with many targets
over a large area.

For overall probabilities Macqueen used the Eggwertz probability of 107 for rotor
failures. Macqueen also compared the probabilities to a statistic of risk of death by
lightaing strike in the United Kingdom at 107 per year. For the turbine studied, a large
2.5 MW unit, the risk of being hit by a biade fragment within 210 m (approximately two
times overall height) is equivalent to being struck by lightning. However, these results

Permitting Setbacks for Wind Turbines in California and the Blade Throw Hazard 21



CWEC-2005-001

were based on the blade failure probability of 107 and the assumption of a target size less
than the overall blade area.

6.2.3 Sarensen, Denmark 1984

This investigation was part of the wind power program of the Ministry of Energy and the
Electric Utilities in Denmark. The conference paper (Sarensen 1984b) was a summary of
the full report in Danish. Detailed sensitivity studies are found in the Wind Engineering
Journal paper (Serensen 1984a). The analysis is unique in that the aerodynamics of the
blade under ballistic motion was fully modeled. Sarensen used synthesized data from a
NACA 0012 wing to simulate the blade under various alignments. The blade fragment
was broken into segments and the aerodynamic forces were determined independent of
each other. The total force was then a summation of the individual forces. This approach
is similar to current state-of-the-art modeling of wind turbine rotors in the industry.

Three turbines of increasing size were studied,

The modeling showed that the blade tumbling motion decayed as the blade reached the
maximum height with the heavy end directed down as the blade fell back to earth. This
behavior was also described by Eggwertz in scaled model studies. The model behavior
places into question the pure tumbling and constant aerodynamic coefficients of the other
models. Comparison with these models showed that the average drag coefficient for the
lateral throw would have to be varied from 0.15 to 0.4 to achieve similar results to the
full aerodynamic model. These coefficients are lower than what was usually considered
by the other researchers. For the downwind range, the constant coefficient models
predicted a much lower distance. Therefore, constant coefficient models would tend to
predict shorter overall throw distances compared to Serensen’s method.

The wind engineering paper went through several sensitivity studies of the modeling
parameters. A sumimary of these studies is presented in Table 4.

Table 4. Sensitivity Studies by Serensen in Wind Engineering Paper

Subject

Description

Results

Airfoil Data

Analysis conducted on four
airfoil data sets

7% spread in maximum
range

Aerodynamic Unsteadiness

Dynamic aerodynamic
loads modeled

2% reduction in maximum
range with unsteady model

Autorotation

Model tendency of blade to
glide like helicopter rotor

Substantial reduction in
range

Center of Gravity Location

Vary chordwise center of
gravity position on blade

Negligible effect for typical
25-35% chord line
placement
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Subject Description Results
Blade Pitch Angle Blade pitch angle at Large influence; pitch of
moment of release maximum thrust had

maximum range

Wind Velocity Ambient wind velocity at Large influence, partially
moment of release due to dependence on pitch
angle effect

The impact probabilities reported in the conference paper assumed the target as a one-
meter sphere. Sliding of the wreckage was assumed, with 25 meters of slide assumed for
a throw greater than 75 m range. As stated before in the Macqueen (1983) discussion,
these probabilities would have to be adjusted for targets larger than the blade fragment,
such as a busy roadway, or a dwelling. The probability analysis followed the same
approach as Eggwertz (1981) by dividing the region around the turbine into ring
segments. Uniform wind direction was assumed.

Probabilities were only presented for the Project “K” turbine for a fuli 30-m blade throw
and 10-m blade fragment throw. This turbine is of 1.5 to 2.0 MW size with a 60 m hub
height. Release angle and wind speed were varied and muitiple throws were calculated.
The probabilities were presented as a function of tip speed. Results are shown in Figure
8, comparing the range with 10™ probability (the “hazard” range) to the maximum range.

10.00
9.00
8.00 Fragment x

7.00 : ’
6.00 ; = + Blade Hazard Range

500 = Fragment Hazard Range
4'00 ® Blade Max Range
3'00 3 Blade " x Fragment Max Range

2.00 - Hazard is 10°4 Probability

1.00 !

0.00
100% 150% 200% 250% 300%

Nominal Tip Speed

Range in Turhine Helghts
K

Figure 8. Throw Distances in Serenser Conference Paper with 107 Probability Hazard Range

The maximum ranges do not increase exponentially as would be predicted for a vacuum
in Equation 4. This is the result of including the aerodynamic forces. Also, there is
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negligible difference for the fufl blade maximum range and range with 10™ probability.
This is not true for the fragment.

6.2.4 Eggers, United States 2001

This is the most recent analysis (Eggers, Holley et al. 2001) generated for the National
Wind Technology Center in Colorado, The analysis used classical ballistic theory and
assumed constant values of aerodynamic force coefficients, A discussion and analysis is
made of the possibility of gliding flight assuming the blade achieves a stable gliding
angle; it is assumed negligible. The low probability of this is reasoned due to the
complex geometry of the blades, with varying chord, airfoil section, and twist. The mean
values of drag (Cp = 0.5) and normal force coefficients are considered constant during
flight. Half and full-blade projectiles are analyzed.

An example turbine was studied with a 15.2 meter rotor radius operating at 50 rpm in
11.2t022.4 m/s winds. A probability distribution, assuming equal weighting for alf
directions, was determined analytically and solved numerically. This method was unique
in that severai trials of throws were not necessary to obtain the distributions. Also
assumed was that the failure was the result of an overspeed, and that the range of the
overspeed failure was a Gaussian distribution between 1.25 and 1.75 times the nominal
speed. Eggers, like Macqueen (1983). confirms peaks in the probability distribution near
the tower and at maximum range. Two tower heights were also studied, showing higher
probability at the tower base for the shorter tower. Probability values cannot be
determined from the paper due to the limited resolution of figures.

6.3 Comparisons of Blade Throw Analysis

Studies of example turbines were performed in all the analyses discussed previously. A
comparison is shown below in Figure 9. The maximum attainable lateral throw distance,
normalized by overall turbine height, for a failure at nominal operating conditions is
shown for the various analyses.
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Figure 3. Comparison of Blade Throw Analyses for Maximum Range at Nominal Qperating
Conditions

Two observations can be made from a comparison of the analyses with failure at the
nominal operating condition. The first is that as the overall turbine height increases, the
range normalized by overall height decreases. This is primarily because the maximum
range is dependent on turbine tip speed. As discussed previously, the tip speed has
remained nearly the same as turbine size has increased. The other conclusion is that
blade fragments fly farther than full blades. As stated previously, this is because the
initial velocity at failure tends to be higher for the fragment than the entire blade,

7 Recommendations for Further Study

The literature reviewed in this report does not specifically provide guidance for wind
turbine setbacks. The following iterns of further study are proposed in order to obtain
guidelines for setbacks.

7.1 Blade Failure Rate

Unless there exists a more thorough database of blade failures, the value discussed in the
Blade Failure section of 107 pey turbine per vear should be used for the blade failure
probability. A lower probability might not significantly affect the results due to the peak
in the impact probability near maximum range.

7.2 Turbine Sizes

A mixture of turbine sizes should be studied to determine if setbacks should be a standard
distance or a function of the turbine size. Turbine sizes currently marketed are 660 kW to
5 MW. Smaller turbines should be studied for stand-alone applications and review af
existing hazards.
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7.3 Position of Blade Break

Since the position of the failure cannot be predicted with certainty, the approach of
Eggwertz (1981) to divide the blade into sections should be used. In addition to
randomizing the break position, turbines with acredynamic devices, blade dampers, and
lightning protection components on the blades should be studied as fragments.

7.4 Operating Conditions at Failure

Since the throw distance is highly dependent on release velocity and ambient conditions,
a probabilistic method should be developed to vary these parameters. Modern turbines
with redundant braking systems should not develop an overspeed condition; however the
possibility, albeit unknown, still exits. Perhaps the method of Eggers (2001) of varying
the failure tip speed from 1.25 to 1.75 times nominal tip speed should be used.

7.5 Aerodynamic Model

The methods of Serensen (1984a) should be applied for the aerodynamic model. There
was an effort to update his program to MATLAB at the Danish Technological University;
however the status of this work is unknown.

Further studies could be conducted to incorporate shear and turbulence into the model.
With these effects included, the blade throw might exhibit constant Cy. and Cp, behavior -
which might warrant use of simpler models.

The model should be built as a tool that can be used by the industry for use on any
turbine to study specific cases such as permitting waivers.

7.6 Impact Modeling

The methods of Eggwertz (1981) or Serensen (1984a) should be used to model the
physics at impact. Both have methods for including the effects of rotation and translation
after impact.

7.7 Slope Effects

Slope effects were not included in the reviewed analyses. Because of the common
placement of turbines on ridgelines, as in the Altamont and the Tehachapi wind resource
areas, the modification to the setback distance should be studied.

7.8 Validation Effort

None of the analyses have been validated with actual failures. Validation with an actual
failure can be made with the following information:

- Turbine tower height

- Position of failure on rotor

— Azimuth of failure (would be very hard to obtain)
~ Rotor speed

- Pitch of blades
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— Geometric details of the fragment (planform, airfoils, weight, cg, twist
distribution)

— Wind speed, direction, and local air density

— Distance and bearing of blade or fragment from tower base

Another effort would be to deliberately cause a blade failure and obtain the above
information. This test couid be conducted on a turbine at the end of its useful life ina
‘clear field. Explosive bolts or a ring charge could be used to separate the blade or
fragment from the turbine. The azimuth at break must be carefuily determined.

8 Conclusions

A study was performed on setbacks for permitting of wind energy. Counties with past
and future development of wind energy have setbacks based on overall turbine height.
The application and size of the setbacks varied widely across the counties. Most setbacks
were established early in the development of the wind industry and were outcomes of ad
hoc groups of government and industry.

Reporting of wind turbine failures are scarce in the literature, but available data from
Alameda County and from Europe show blade failures from one-in-one-hundred (107) to
one-in-one-thousand (10 per turbine per year.

Four researchers looked at modeling the blade throw risk in detail. Several authors
analyzed but discounted the possibility of gliding flight, and instead ysed simplified
models of the aecrodynamics. Serensen {1984a) used a three dimensional analysis of the
blade fragment flight and showed the limitations of the simplified models. The literature,
however, does not offer any guidance for applying setback distances that would be useful
for wind energy planning. ftems for further study are proposed in order to determine
consistent standards.
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March 24, 2009
Burope, Health, Human rights, Noise, Ordinances, Property values, Regulations, Safety, Siting

European Setbacks (minimum distgmce between wind
turbines and habitations)
European Platform Against Windfarms

Information provided by EPAW ™Y members and summarized by Mark Duchamp

Note from the NWW editor’ These are not necessarily good examples. For
information about noise and health impacts that require a setback from homes of at

least 2 kilometers (1-1/4 mile), see the NWW Noise & Health page 2,

BELGIUM
350 metres (1,148 feet) in theory (stated in draft legislation, but never voted). In
practice the developers avoid problems by making it no closer than 500 m (1,640 ft).

CZECH REPUBLIC
There are no regulations on setbacks from wind turbine. In practice: 400 m to 800 m
(1,312-2,625 ft).

DENMARK

Windmills must be situated at a minimum distance of 4 X their height away from
habitation. If the windmill is erected closer than 6 X its height, an estimation is
carried out free of charge regarding the depreciation of the property value. If the
loss is more than 1%, full compensation of the loss in property value is paid out. If
the property is situated farther away than 6 X the height of the windmill, 4,000 DKK
is payable to have an evaluation of the loss in value carried out. If it is estimated
that the depreciation is more than 1%, the loss in value of the property is paid out
and the 4,000 DKK reimbursed. If it is estimated that there is no loss in value of the
property, the 4,000 DKK is forfeited. Owners of windmills have to pay the
compensation.

ENGLAND, WALES

No regulations. I suppose the courts would enforce the laws on noise levels, but the
experts invariably seem to show up on days with little wind, and of course never at
night. In a court case, the previous owners of a house were condemned to
compensate the buyers because they had not disclosed the windfarm project
affecting the house: “District Judge Buckley decided that this amounted to ‘material
misrepresentation’ and ordered the Holdings to pay compensation of 20 per cent of
the market value of the house in 1997, £12,500, plus interest, because of damage to
visual amenity, noise pollution and the ‘irritating flickering’ caused by the sun going
down behind the moving blades of the turbines 550 metres [1,804 ft] from the
house.” John Etherington says: “There have been permissions as close as 350 m
[1,148 ft] I think.”

http://www.wind-watch.org/documents/european-setbacks-minimum-distan... 2/16/2011
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FRANCE

On a case—by-—case basis, only limited by noise legislation. The French Academy of
Medicine recommends 1,500 m (4,921 ft). This is not respected, however. [n
practice, 500 m (1,640 ft) seems to be the minimum observed.

GERMANY
Different setbacks apply according to the noise level protection of the area :

- “quiet regions” [35 dB(A)]: 1,000-1,500 m (3,281-4,921 ft)
~ “middle regions” [(40 dB(A)}: 600~1,000 m (1,969-3,281 ft)
- “standard region” [(45 dB(A)]: 300-600 m (984-1,969 ft)

All makes and models of wind turbines are not equally noisy, hence the lack of a
precise distance. Some states have standards of their own.

ITALY

Setbacks are determined by regional authorities, Some regions have defined
setbacks, others don’t. Calabria and Molise: 5 X the height of the turbines (not
specified if mast or total height). Basilicata: 2 km from urbanized areas. Campania:
10 X the turbine height from urbanized areas. Molise: 20 X the turbine height from
urbanized areas.

NETHERLANDS

In practice, they use 4 X the height of the mast of the wind turbine. This is not a
legal sethack. The legal setback is linked to a maximum noise level [40 dB(A)].
New limits are proposed and in discussion at this time and a possible change of
setbacks is expected to become law in the middle of this year (2009).

NORTI—IERN IRELAND

The Best Practice Guidance to Planmng Policy Statement 18 ‘Renewable

Energy’” (August 2009) states: “As a matter of best practice for wind farm
development, the Department [of the Environment] will generally apply a separation
distance of 10 times rotor diameter to occupied property (with a minimum distance
of not less than 500m).”

ROMANIA

The setback is 3 X the height of the mast, and this distance may be shortened with
the approval of local communities but not shorter than height of the tower + length
of blades + 3 meters. So far, this appears to be the European record on the

nuisance scale.

SCOTLAND

On a case—by-case basis within 2 km of the edge of cities, towns, and villages
(SSP§ legislation). Some people skim this and interpret it as a 2 km setback, It is
nothing of the sort. The policy was adopted after the vast majority of wind
proposals were submitted so does not apply to them. Another caveat: note that
“cities, towns, and villages” in practice suggests probably a minimum of 3,000 or
more homes. Isolated country houses, in any event, are excluded from this. Some

examples:

http://www.wind-watch.org/documents/european-setbacks-minimum-distan... 2/16/2011
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- Bankend Rigg (awaiting approval): just over 1,000 m (3,281 ft)
~ Chapelton (awaiting approval): 750 m (2,461 ft)

- Dungavel (awaiting approval): 1,000 m (3,281 ft)

~ Whitelee (built): about 1,000 m (3,281 ft)

- Gathercauld Ceres (awaiting approval): 572 m (1,877 {t)

— Auchtermuchty (approved): 650 m (2,133 ft)

Addendum, April 18, 2009: The Stop Highland Windfarms Campaign wrote to Jim
Mather, Minister for Enterprise, Energy and Tourism, for clarification. In reply, the
Directorate for the Built Environment wrote: “The 2km separation distance is
intended to recognise that, in relation to local communities, visual impacts are likely
to be a prominent feature and this should be taken into account when identifying the
most suitable search areas. However, impacts will clearly vary considerably
depending on the scale of projects and the proposed location. That is why SPP6
confirms that, in all instances, proposals should not be permitted if they would have
a significant long term detrimental impact on the amenity of people living nearby.
This principle applies to houses within and outwith 2km of the proposed
development and regardless of whether they are single dwellings or part of a
settlement.” Click here for a copy of the caorrespondence in full, by courtesy of the

Caithness Windfarm Information Forum. %!

SPAIN
National: noise legislation applies. Regional: windpower policies sometimes specify
a setback. Examples:

- Valencia: 1,000 m (3,281 ft) from any piece of land that may be built upon.
- Andalucia: 500 m (1,640 ft)

SWEDEN

The only limit is the noise level [40 dB(A)]. In practice, 500 m (1,640 {t) seems to
be the sethack applied, but there are exceptions (350 m [1,148 ft] in one case). I am
told there are regulations for shadows.

SWITZERLAND

Documentation from Suisse Eole (quango promoting windfarms) mentions 300 m
(984 ft) from the tip of turbine blades of a 70 m (230 ft) turbine. But each canton is
still working on a clear setback policy.

See also: “Safe setbacks: How far should wind turbines be from homes?” !

URLSs in this post:

(1] EPAW: http://www.cpaw.org

[2] see the NWW Noise & Health page: http://www.wind-watch.org/ww-noise-
health.php

[3] Click here for a copy of the correspondence in full, by courtesy of the Caithness
Windfarm Information Forum.: hitp://www.caithnesswindfarms.co.uk/SPP6%20Q%
20and%20A.pdf
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[4] “Safe setbacks: How far should wind turbines be from homes?”:
http://kirbymtn.blogspot.com/2008/07/safe—setbacks-how-far-should-wind.html

This article is provided as a service of National Wind Watch, Inc.
http://www.wind—-watch.org/documents/
The use of copyrighted material is protected by Fair Use.
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WIND POWER DEVELOPMENT MORATORIUM ORDINANCE

FOR THE TOWN OF SEDGWICK

The TOWN OF SEDGWICK (Maine) adopts a Wind Power Development Moratorium
Ordinance as follows:

FOR THE PURPOSES of this moratorium ordinance, “wind power development” means
any wind energy facility consisting of one or more wind turbines, the purpose of which is
to primarily generate electricity to supply to off-site customers, and includes substations,
cable/wires, and other structures accessory to such facility.

WHEREAS, areas of the Town of Sedgwick are suddenly under threat of increased
development pressure from Wind Power Developments; and

WHEREAS, this development pressure was unanticipated and has not been adequately
provided for in the Town’s current Ordinances; and

WHEREAS, there is a strong likelihood that all areas of the Town will continue to be
subjected to this development pressure due to the amount of undeveloped land, the
nonexistence of any regulations or restrictions on locations of Wind Power
Developments, and the high demand for such Wind Power Developments; and

WHEREAS, development of such Wind Power Developments could pose serious threats
to the public health, safety, and welfare of the residents of Sedgwick through the over-
development of parts of Town with such Wind Power Developments without adequate
provisions for issues of safety, land-use compatibility, and visual access to view
corridors; and

WHEREAS, the Town will need at least 180 days to develop and implement a Wind
Turbine Ordinance, and the necessary amendments to zoning and land-use ordinances
and regulations to accommodate these Wind Power Development pressures; and

WHEREAS, in the Judgment of the Town, these facts create an emergency within the
meaning of 30-A M.R.S.A. 4356 (1) (B) and require the following Wind Power
Development Moratorium Ordinance as immediately necessary for the preservation of the
public health, safety, and welfare;

NOW, THEREFORE, the Town of Sedgwick hereby ordains that a Wind Power
Development Moratorium Ordinance is hereby imposed, effective immediately, and
applicable to the maximum extent permitted by law and subject to the severability clause
below, to all proceedings, applications, and petitions not pending (within the meaning of
M.R.S.A. Sec. 302) as of November 2, 2010, and on any new construction or use,
requiring approval under the terms of the Town’s zoning and land-use ordinances and



regulations for such Town until the effective date of the necessary amendments to the
zoning and land-use ordinances and regulations or until May 2, 2011;

BE IT FURTHER ORDAINED, that the Planning Board, Board of Appeals, the C.E.O.,
all Town agencies, and all Town employees shall neither accept nor approve applications,
plans, permits, licenses, and/or fees for any construction or uses governed by this Wind
Power Development Moratorium Ordinance for such Wind Power Developments for said
period of time;

BE IT FURTHER ORDAINED, that those provisions of the Town’s land-use ordinances
and regulations which are inconsistent or conflicting with the provisions of this Wind
Power Development Moratorium Ordinance, including, without limitation, the
requirements for site-plan review by the Planning Board, subdivision and/or special-
exception review by the Planning Board, and height-variance appeals by the Board of
Appeals, are hereby repealed to the extent that they are applicable for the duration of the
Wind Power Development Moratorium Ordinance hereby ordained, but not otherwise;

BE IT FURTHER ORDAINED, that to the extent any provision of the Wind Power
Development Moratorimn Ordinance is deemed invalid by a court of competent
jurisdiction, the balance of the Wind Power Development Moratorium Ordinance shall
remain valid.

BE IT FURTHER ORDAINED, that a Sedgwick Wind Turbine Ordinance will require a
public hearing by the Planning Board and the Board of Selectmen, and must be voted
upon at a Town Meeting or Special Town Meeting.

EMERGENCY CLAUSE:

In view of the emergency cited in the preambie, this Wind Power Development
Moratorium Ordinance shall take effect immediately upon passage by the Town, and
shall apply, to the maximum extent permitted by the law but subject to the severance
clause above, to all proceedings, applications, and petitions not pending as of November
2, 2010, and shall stand repealed as of May 2, 2011.

Given under our hands at Sedgwick, Maine, on this 16th day of September, 2010,

/s/ Nelson Grindal

/s/ Colby Pert

/s/ Victor Smith
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Wind Turbine ~- Materials and Manufacturing
Fact Sheet

Prepared for the Office of Industrial Technologies, US Department of Energy
By Princeton Energy Resources International, LLC,
Dan Ancona and Jim McVeigh

Recognition of the value of wind energy as a low cost, clean source for electricity is creating
major new business opportunities for manufacturing and materials innovation. Worldwide
growth in wind generation since 1994 has been 30% or higher annually. The cost of energy from
large wind power plants has declined to less than $0.05/kWh at good wind sites. By the end of
2000, the global capacity had passed 17,600 megawatts (MW) [See reference 1], and in the
United States alone, more than 1,800 MW of new installations should be completed this year [2,
31.

The combined sales of large wind power plants and small turbines for distributed generation is
now $4-5 billion annually worldwide and growing. Small turbines (less than 100 kW each) are
being produced for the growing distributed generation and off-grid markets. Grid-connected
wind power plants typically employ hundreds of 1 to 2 MW turbines today and larger, 3 to §
MW machines, with 100-meter {(m) (110 yards - longer than a football field) or greater rotors are
being developed. The wind turbine
manufacturing business has grown
from a “cottage industry,” with hand-
built subsystems, to sales warranting
large-scale production operations.

Parts of a Wind Turbine

‘Wind turbines come in many sizes
and configurations and are built from
wide range of materials. In simple
terms, a wind turbine consists of a
rotor that has wing shaped blades
attached to a hub; a nacelle that
houses a drivetrain consisting of a
gearbox, connecting shafts, support
bearings, the generator, plus other
machinery; a tower; and ground-
mounted electrical equipment.

Towwny

The wing shaped blades on the rotor
actually harvest the energy in the Wind Turbine Nomenclature
wind stream. The rotor converts the
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kinetic energy in the wind to rotational energy transmitted through the drivetrain to the
generator. Generated electricity can be connected directly to the load or feed to the utility grid

[4].

The weight and cost of the turbine is the key to making wind energy competitive with other
power sources, because research programs have significantly improved the efficiency of the
rotor and maximized the energy capture of the machine. The real opportunity today is through
better, low cost materials and though high volume production, while ensuring the reliability is
maintained. The typical weight and cost of the primary turbine components today are shown in
Table 1. In addition there are foundations and conventional ground-mounted systems, including
transformers, switching and other power
equipment.

Table 1. Turbine Component Weight and Cost

Component % of % of

There appear to be several areas where Machine Machine

) Weight Cost [5]
technological progress and cost
reduction are needed. Turbine Rator 37177 20-30
Sub.system costs are generally :?venly Nacelle and machinery, less 25-40 25
split between rotor, nacelle, drivetrain
power systems, and the tower. There is Gearbox and 37025 37178

drivetrain

no single component that dominates
turbine cost. The rotor is the highest
cost item on most machines and must be
the most reliable. Towers are normally
the heaviest component and could
benefit from weight reduction, but
lightening the rotor or tower-top weight
has a multiplier effect

Generator systems 36927 37025

eight on Top of Tower 35-50 N/A

ower 30-65 37188

throughout the system o
: . . - 2805 Technatesy.
mcludmg the foundation. Variable spead, Wirect v,
‘P pErane magnel seneraier
Less hydraylics; "Smarter® reters and
tgystems; Flexible Interaciive contrals;
E Lareer, Iighlfr r_olors and iewers )
xpected Technology 2908 Technalagy
E Iut. n ) ;\/hr‘l;hl\l! speed, sﬁt‘mdr-nw‘s_
voZutio i e s o v
 speed, with gear transmiaslen; Larger,
Ilqulermgis andd tawars -
. e

The components of turbines 1397 Technelewy ;e
are changing as the E#ﬁ";i?%.?ﬁi‘.?’%ﬁﬁ’ﬂiﬁf!?ﬁfﬁ&?*’:"
technology improves and RS gy e e s
evolves. There is a trend
tOWE[I'd ]]_ghtel' We]ght #ngwing Incremental lmprevement and @ptimization
systems. Light weight, low o s P ko cakee WE0) e i e

. R vetresse 35 lechnelngy malurss, cumulalive preduction valume increases,
Cost mate]-lais are especlally and advanced manwfactusing [s empleyed.
important in blades and
towers for several reasons. 1987 2088 2085 2018 2020
FlrSt thf: Weight of the b]ades g;:ﬁn::;:;?:tiﬁ;ﬁ?ﬁ;ﬂmﬂ Charectarizaliang, Eleclrlc ™awer Research Instliule,
and rotor is multiplied Wind Turbine Technology Evolution

through out the machine.
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The tower weight is key because it is typically 60% of the weight of the turbine above the
foundation, due to the fact that sophisticated light-weight, high-strength materials are often too
costly to justify their use.

Another technology shift is occurring in the drive train. In some cases the gearbox is being
eliminated by employing variable speed generators and solid state electronic converters that
produce utility quality altemating current (AC) power. This trend began in small machines and
is now being incorporated in turbine sizes from 100 kW to 3 MW. Other trends in wind turbine
technology are discussed in detail in the Renewable Energy Technology Characterizations
published by the Electric Power Research Institute (EPRI) [5] with DOE support.

Market and Turbine Component Materials Data

i the quantities and types

T]? esttlmaie gu ; ; ﬁb' ype Table 2. Turbine Models Used in Current and Future
ol matenals nse n win mes, a Materials Usage Estimates
database was compiled from a
variety of industiial, DOE laboratory || Turbine Make Rated Power (kW)
and existing PERI sources. Much of || Southwest Windpower 0.4, 1.0
the wind turbine and component 25"9*:}/ Orfent ;555‘ 10

isti ‘ot antic Orient Corp.
characteristics anc! weight data came Northern Power Systems 100
from the DOE, Wind Par‘tnershlps Enercon 500, 850
for Advanced Technologies Micon 600, 900
{WindPACT) program database Bonus 600, 1000
through NREL and their Vesias 660, 850, 1650, 2000
subcontractors, as well as directly Nordex 1000

. ’ . Mitsubishi 600, 1000
from turbine manufacturers, their

web sites and marketing materials.
Twenty-eight types and models of
turbines were analyzed in this report, ranging from small models for direct current (DC) battery
charging (e.g. the 0.4 kW Southwest Windpower turbine), to large grid connected altemating
current (AC) machines currently commercially available (e.g. the Enron 1.5 MW) and being
employed in 100-200 MW wind power plants. Very large multi-megawatt machines being
designed for future wind farm applications, both on- and off-shore (e.g. the 5 MW NREL
concept turbineg), were also included in expected future markets after 2005. The specific models,
type and size, that were assumed for each manufacturer as the basis for estimating current and
future market share in our model is shown in Table 2. The actual unit production and sales data
incoiporated in the market share database is considered proprietary by the manufacturers. This
data was used in estimating weights of materials shown in Table 3.

Future Market Projections

The surge in growth in wind furbine installations in the United States and around the world is
expected to continue and actually accelerate. In a study conducted by the World Energy Council
(WEC) projected worldwide wind capacity of 13 gigawatts (GW) by 2000 (actual installed
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capacity was 13.6 GW by the end of 1999), increasing to 72 GW by 2010 and 180 GW by 2020.
WEC also considered an “environmentally driven scenario” that has much faster growth if
national policies were adjusted. That scenario projected 470 GW of wind power by 2020.

In the United States, the American Wind Energy Association (AWEA) supports the DOE
projections for wind power.

* Provide at least 5% of the nation’s electricity by 2020 with 10 GW online by 2010 and 80
GW by 2020,

+ Double the number of states with more than 20 MW installed to 16 by 2005 and to 24 by
2010.

* Provide 5% of the electricity used by the federal government (the largest single consumer of
electricity) by 2010 with 1,000 MW online.

The members of the Furopean Wind Energy Association (EWEA) have increased their estimates
for wind installations in that region. Since 1993, the market for new turbines has grown at over
40 % per year. During 1999 was a record year with over 3000 MW installed in that year,
resulting in a total installed capacity of 9,500 MW. This is well above the EWEA”s old target for
2000 of 8000 MW. With support from the European Commission, studies show and the wind
industry believes that the target of 40 GW will also be passed soomer, so the target for 2010 has
been raised to 50 GW, of which 5 GW are expected to be offshore capacity. Similarly, a new
target of 150 GW was agreed to by EWEA for 2020, of which 50 GW will be offshore.

The future markets for wind turbines in the United States and Europe are large but the biggest
potential is expected to be in Asia, Latin America, the Former Soviet Union and Africa. These
are the markets where demand for electricity is growing the fastest and the need for sustainable
development with reliance on domestic energy resources are the greatest [6]. Growth in these
markets could surpass both Europe and the U.S. by 2020.

Materials Usage in Current Wind Turbines

A wide range of materials are used in wind turbines. There are substantial differences between
small and large machines and there are projected changes in designs that will accommodate the
introduction of new material technologies and manufacturing methods. The estimated materials
use in small and large turbines is shown in Table 3. To arrive at a total, the material usage is
weighted by the estimated market share of the various manufacturers and machines types.
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Table 3. Percentage of Materials Used in Current Wind Turbine Component

Large Turbines and (Smalf Turbines")

Component/ ‘
Material Permanent Pre- Glass Wood Carbon
Magnetic stressed Steel Aluminum Copper Reinforced Epoxy? Filament
{% by weight) WMaterials Concrets Plastic * Reinforced
Plastic *
Rotor
Hub {95) - 100 (5)
Blades 5 95 (95) {95)
Nacelle 2 {17) (65)-80 3-4 14 1-(2)
Gearbox ? 98-(100) (0)-2 (<1)-2
Generator (50) {20) - 85 (30) - 35
Frame, Machinery 85-(74) 9-(60) 4-(12) 3-(5
& Shell
Tower 2 g8 (2)
MNotes:

Small turbines with rated power less than 100 kW- (listed in italics where different)

Assumes nacelle is 1/3 gearbox, 1/3 generator and 1/3 frame & machinery

Approximately half of the smailf turbine market {measured in MW} is direct drive with no gearbox
Rotor blades are either glass reinforced plastic, wood-epoxy or injection molded plastic with carbon
fibers .

Wb

The trends in design and manufacturing differ between small and large turbines. Small machines
tend to use lighter weight castings in an effort to reduce costs. Many parts are die cast aluminum
in small turbines, while in large machines steel castings or forgings are needed to meet strength
and structural fatigue requirements. The size of steel castings for large turbines, especially the
blade hub units, is one of the manufacturing challenges.

Material fatigue properties are an important consideration in wind turbine design and materials
selection. During the expected 30 year life of a wind turbine, many of the components will need
to be able to endure 4 x 10 fatigue stress cycles. This high cycle fatigue resistance is even more
severe than aircraft, automotive engines, bridges and most other man-made structures.

Future Component Development Trends

There are new component developments underway now that will significantly change the
materials usage patterns. Generally there are trends toward lighter weight materials, as long as
the life-cycle cost is low. Specific development trends in turbine components are discussed
below:

Rotors Most rotor blades in use today are built from glassfiber-reinforced-plastic (GRP).
Other materials that have been tried include steel, various composites and carbon-
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Gearboxes

Nacelles

Towers

fillament-reinforced-plastic {CFRP). As the rotor size increases on larger
machines, the trend will be toward high strength, fatigue resistant materials. As
the turbine designs continually evolve, composites involving steel, GRP, CFRP
and possibly other materials will likely come into use.

The step-up gearbox used on large turbines today is expected to be replaced in
many future machines. Most small turbine designed for battery charging use a
variable speed, permanent magnet, variabie frequency generator connected to a
rectifier. As high power solid state electronics are improved, larger and larger
machines are likely to use AC-DC-AC cycloconverters. This is the case on
turbines being developed by Northern Power Systems (100 kW), the ABB (3
MW), and in some commercial machines. This trend will increase the use of
magnetic materials in fifure turbines. Large epicyclic gear boxes used in large
ships, may continue to be the drive system for some large turbines.

The nacelle contains an array of complex machinery including, yaw drives, blade
pitch change mechanisms, drive brakes, shafts, bearings, oil pumps and coolers,
controllers and more. These are areas where simplification and innovation can
pay off. -

Low cost materials are especially important in towers, since towers can represent
as much as 65% of the weight of the turbine, Prestressed concrete is a material
that is starting to be used in greater amounts in European turbines, especially in
off-shore or near-shore applications. Concrete in towers has the potential to
lower cost, but may involve nearly as much steel in the reinforcing bars as a
conventional steel tower.

Miaterial Usage Trends Through 2010

The component development trends described above are reflected in the following material use
projections. The overall annual material usage trends are shown in the following figure for two
periods, from now though 2005 and for 2006 though 2010. Introduction of much of the new
technology discnssed above is expected to be incorporated in commercial machines during the
later period. Materials used in machines installed in the U.S. are included as part of the global

totals.
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Wind Turbine Matesials Usage
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The following observations are based on the results of the material usage analysis:
. Turbine material usage is and will continue to be dominated by steel, but opportunities

exist for introducing aluminum or other light weight composites, provided strength and
fatigue requirements can be met.

. Small turbine production volume is increasing rapidly which can be accommodated by
manufacturing mechanization and innovation that will lower costs.

. Elimination of the gearbox by using variable speed generators will increase through use
of permanent magnetic generators on larger turbines increasing the need for magnetic
materials.

. New high power electronics will help reduce the need for gearboxes and also decrease
losses occurred during transmission of wind power to distant load centers.

. Simplification of the nacelle machinery may not only reduce costs, but also increase
teliability. '

- Blades are primarily made of GRP, which is expected to continue. While use of CFRP
may help to reduce weight and cost some, low cost and reliability are the primary drivers.

. Increasing the use of offshore applications may partially offset this trend in favor of the
use of composites.

. Prestressed concrete towers are likely to be used more, but will need a substantial amount

of steel for reinforcement.
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. Wood epoxy, used in early blade production, 1s not expected to be a material of choice
despite excellent fatigne properties.

. Wind turbine component and materials manufacturing are major and expanding business
opportunities for at least the next 10 years.
. The largest market for wind turbine systems and materials in the future will be outside

North America and Europe, but this market will be slower in development.
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Projects Committee of the
Connecticut Clean Energy Fund Board

Thursday, November 12, 2009

A regular meeting of the Projects Commiittee {the “Committee”) of the Renewable
Energy Investments Board hereinafter referred to as the “Connecticut Clean
Energy Fund Board” was held on November 12, 2009, at the office of the Connecticut
Clean Energy Fund, 200 Corporate Place, Rocky Hill, CT.

1. Call to Order: Noting the presence of a quorum, Mr. Peters, Chairman of the
Committee, called the meeting to order at 10:02 a.m. Committee members present:
Alan Greene (by phone), Kevin Hennessy (by phone), and Jerry Peters (by phone).
Absent: Robert Maddox and John QOlsen.

Staff and Adjunct Staff Aftending:  Christin Cifaldi, Lise Dondy (by phone),
Dale Hedman, Dave Ljungquist, Shelly Mondo, Rick Ross, and Matthew Stone.

2. Approval of Meeting Minutes:

Mr. Peters asked the Committee members to consider the minutes from the October 15,
2009 meeting.

Upon a motion made by Mr. Hennessy, seconded by Mr. Peters, the
Committee members voted in favor of adopting the minutes from the
October 15, 2009 meeting as presented (Mr. Greene abstained from
the vote).

3. Pre-Development Loans Phase 2—BNE Wind Colebrook and BNE Wind
Prospect

Mr. Hedman stated that the Projects Committee in July 2008 approved pre-development
program funding for Phase 1 of two BNE Energy Inc. wind projects as follows: 1) Wind
Prospect in the amount of $102,375; and 2) Wind Colebrook in the amount of $119,625.
He discussed the milestones required and achieved for the pre-development funding for
both projects. Based on the progress made in Phase |, CCEF staff recommends
predevelopment funding for Phase 2 of both projects.

Mr. Hedman discussed the background of the process that ultimately led to the
predevelopment funding and the two-step phasing of the projects. He reviewed some of
the parameters of Phase 1. Mr. Hedman mentioned that some concern was expressed
with obtaining support from the two communities prior to funding, and CCEF was
provided with letters of support from the Mayor of Prospect and first Selectman of
Colebrook. He stated that the two projects will be the first fairly large wind projects
undertaken by the CT Siting Council. Mr. Hedman noted that both projects have
submitted FAA applications and approval for Wind Colebrook was granted.



Mr. Hedman explained that one of the milestiones was {o have one year of wind
resource data. He noted that 9 to 10 months of the wind data has been provided, and
the data and extrapolations indicate sufficient wind resource data to move to Phase 2.
Mr. Hedman stated that both projects are dependent upon federal funding through tax
credits and loan guarantees, and the developer has requested that the timing for Phase
2 be moved ahead in order to meet the deadlines associated with federal funding.

Mr. Hennessy raised questions about public relations and outreach. Mr. Hedman stated
that the developer has been focusing on obtaining the data needed to move to Phase 2
and understanding the markets for the turbines. He noted that the acfivities for outreach
and public relations will begin in the near future and before filing with the Siting Council.

Mr. Hedman reviewed the milestones proposed for Phase 2 and budgets for both sites.
He stated that the wind resource data provides sufficient information to indicate that the
projects should be feasible, and staff recommends funding for Phase 2.

The Committee members discussed the costs for the projects in comparison with other
technologies. CCEF staff explained that costs are reasonable. CCEF staff will continue
to follow this project very closely and will assist with community public relations as
needed.

Upon a motion made by Mr. Greene, seconded by Mr. Hennessy, the
Committee members voted unanimously in favor of adopting the
following resolution regarding funding for Phase 2 for Wind Prospect
and Wind Colebrook:



RESOLVED:

(1)

)

(3)

that the Wind Prospect project and Wind Colebrook project (“Projects”), 10 MW
each wind system seeking funding under the Pre-Development Program for
Phase 2 of the Projects, to be located in Prospect and Colebrook, Connecticut
have been determined by the Connecticut Clean Energy Fund, Board of
Directors ("CCEF Board™) to be consistent with and in the furtherance of the
CCEF Comprehensive Plan and that a loan be approved to fund said Projects in
an amount not to exceed $397,625 for Wind Prospect and $380,375 for Wind
Colebrook;

that if sufficient funds are available to fund the Projects, then Peter Longo,
President and Executive Director of Connecticut Innovations, Inc. (Cl), Lise
Dondy, Vice President of Cl and President of the CCEF, or any other duly
authorized officer of Cl, is authorized to execute and deliver for, and on behalf of
the CCEF, not later than May 31, 2010, any contract or other legal instrument
necessary to effectuate such grant on terms and conditions as he or she shall
deem to be in the interests of the CCEF and ratepayers, in conformance with the
wishes of the CCEF Board, and in conformance with Section V! of the operating
procedures of the CCEF Board. The authorized officer's approval thereof is
hereby authorized to be conclusively evidenced by the execution and delivery of
said legal instrument; and

that the proper Cl officers are authorized and empowered to do all other acts and
execute and deliver all other documents as they shall deem necessary and
desirable to effect the above-mentioned legal instrument.

Other business:

Ms. Dondy mentioned that information was provided about the pipeline for municipal
projects which are anticipated to be funded with Regional Greenhouse Gas Initiative
proceeds.



Adjournment:

Upon a motion made by Mr. Greene, seconded by Mr. Hennessy, the
Committee members voted unanimously in favor of adjourning the
November 12, 2009 meeting at 10:30 a.m.

Respectfully submitted,

Jerry Peters, Chairman of the
Commitlee
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Projects Committee of the
Connecticut Clean Energy Fund Board
Minutes
Thursday, June 24, 2010

A regular meeting of the Projects Committee (the “Committee”} of the Renewable
Energy Investments Board hereinafter referred to as the “Connecticut Clean
Energy Fund Board” was held on June 24, 2010, at the office of the Connecticut Clean
Energy Fund, 200 Corporate Place, Rocky Hill, CT.

1. Call to Order: Noting the presence of a quorum, Mr. Greene, Chairman of the
Committee, called the meeting to order at 10:04 am. Committee members present;
Alan Greene (by phone), Kevin Hennessy (by phone), Matthew Ranelli (by phone) and
John Olsen (by phone). Absent. Robert Maddox .

Staff and Adjunct Staff Attending: George Bellas, Christin Cifaldi, Lise Dondy (by
phone), Dale Hedman, Elizabeth Olney, and Rick Ross.

Others Present; Jennifer Vece, UTC Power,

2. Public Comments: There were no public comments. Mr. Greene thanked
Jennifer Vece for attending

3. Approval of Meeting Minutes:

Mr. Greene asked the Committee members to consider the minutes from the May 27,
2010 meeting.

Upon a motion made by Mr. Hennessy, seconded by Mr. Ranelii, the
Committee members voted unanimously in favor of adopting the
minutes from the May 27, 2010 meeting as presented.

4. On-Site DG Program Project Proposals:

“Cromwell Middle School, Cromwell—PV Project”

Before beginning the presentation, Mr. Ranelli noted a potential conflict of interest and
recused himself from any discussion or vote on this proposal. Ms. Cifaldi discussed the
proposal by the Town of Cromwell under the On-Site Renewable DG Program for a
202.9 kWsre PV system to be installed on the roof of the Cromwell Middle Schoo! in
Cromwell, Connecticut. The final application for the project was submitted in May 2010.
An energy audit was performed, and several energy efficiency measures were
recommended and will be implemented prior to CCEF funding. Ms. Cifaldi described
the project, the project participants, the efficiencies, the estimated annual energy output,
total costs, and the recommended incentive.
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Upon a motion made by Mr. Hennessy, seconded by Mr. Greene, the
Committee members voted in favor of adopting the following
resolution regarding the PV project for the Cromwell Middle School,
Cromwell (Mr. Ranelii did not participate in the vote for the project):

RESOLVED:

(1)

(2)

3)

that the 202.9 kW, solar photovoltaic system to be located at the Cromwell
Middle School, 6 Mann Memorial Drive, Cromwell (“Project’), has been
determined by the Connecticut Clean Energy Fund, Board of Directors ("CCEF
Board”) to be in the furtherance of the CCEF Comprehensive Plan and in the
interests of ratepayers, and that funding be approved for the Project in an
amount not to exceed $690,169 (“Grant”), which includes $13,069 as the present
value incentive of the estimated Renewable Energy Credits or Certificates
("RECs") to be produced by the Project-over its contractual life, but that legal title
to the RECs produced by the Project shall remain with CCEF for the contractual
life of the Project, and that said Grant is contingent upon sufficient funds being
available to CCEF for the purpose of funding renewable energy projects under
CCEF's On-Site Renewable Distributed Generation Program or other CCEF
installed capacity programs;

that if sufficient funds are available to fund the Project, then Peter Longo,
President and Executive Director of Connecticut Innovations, Inc. (Cl), Lise
Dondy, Vice President of Cl and President of the CCEF, or any other duly
authorized officer of Cl, is authorized to execute and deliver for, and on behalf of
the CCEF, not later than September 30, 2010, any contract or other legal
instrument necessary to effect the Grant on terms and conditions as he or she
shall deem to be in the interests of the CCEF and ratepayers, in conformance
with the wishes of the CCEF Board, and in conformance with Section VI of the
operating procedures of the CCEF Board. The authorized officer's approval
thereof is hereby authorized to be conclusively evidenced by the execution and
delivery of said legal instrument; and

that the proper Cl officers are authorized and empowered to do all other acts and
execute and deliver all other documents as they shall deem necessary and
desirable fo effect the above-mentioned legal instrument.
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“Whole Foods Warehouse, Cheshire—PV Project”

Ms. Cifaldi presented the proposal by SunEdison under the On-Site Renewable DG
Program for a 141.0 kWgre PV system to be installed on the roof of the Whole Foods
Disfribution Center in Cheshire, Connecticut. The project is a Power Purchase
Agreement owned by SunEdison. An energy audit was perfarmed, and several energy
efficiency measures were recommended and will be implemented prior to CCEF
funding. Ms. Cifaldi described the project, the project participants, the efficiencies, the
estimated annual energy output, total costs, and the recommended incentive.

Upon a motion made by Mr. Greene, seconded by Mr. Hennessy, the
Committee members voted unanimously in favor of adopting the
following resolution regarding the PV project for the Whole Foods
Distribution Center, Cheshire:

RESOLVED:

(1)

(3)

that the 141.0 KWy, solar photovoltaic system to be located at the Whole
Foods Distribution Center, 400 East Johnson Avenue, Cheshire (“Project’), has
been determined by the Connecticut Clean Energy Fund, Board of Directors
("CCEF Board"} to be in the furtherance of the CCEF Comprehensive Plan and in
the interests of ratepayers, and that funding be approved for the Project in an
amount not to exceed $344,970 (“Grant’), which includes $8,970 as the present
value incentive of the estimated Renewable Energy Credits or Certificates
(‘RECs"} to be produced by the Project over its contractual life, but that legal title
to the RECs produced by the Project shall remain with CCEF for the contractual
life of the Project, and that said Grant is contingent upon sufficient funds being
available to CCEF for the purpose of funding renewable energy projects under
CCEF’s On-Site Renewable Distributed Generation Program or other CCEF
installed capacity programs;

that if sufficient funds are available to fund the Project, then Peter Longo,
President and Executive Director of Connecticut Innovations, Inc. (CI), Lise
Dondy, Vice President of Cl and President of the CCEF, or any other duly
authorized officer of Cl, is authorized to execute and deliver for, and on behalf of
the CCEF, not later than September 30, 2010, any contract or other legal
instrument necessary to effect the Grant on terms and conditions as he or she
shall deem to be in the interests of the CCEF and ratepayers, in conformance
with the wishes of the CCEF Board, and in conformance with Section VI of the
operating procedures of the CCEF Board. The authorized officer's approval
thereof is hereby authorized to be conclusively evidenced by the execution and
delivery of said legal instrument; and

that the proper Cl officers are authorized and empowered to do all other acts and
execute and deliver all other documents as they shall deem necessary and
desirable to effect the above-mentioned legal instrument.
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"Loomis Chaffee, School, Windsor—Request for Extension of Deadline”

Ms. Cifaldi mentioned the Loomis Chaffee School has requested a 90 day extension fo
execute the Financial Assistance Agreement. The Projects Committee previously
approved an incentive for the installation under the On-Site Renewable DG Program for
a 144.0 KWgyc PV system at the school. The original expiration date was May 31, 2010,
and the school would like to extend the expiration date to August 31, 2010.

Upon a motion made by Mr. Ranelli, seconded by Mr. Hennessy, the
Committee members voted unanimously in favor of adopting the
following resolution regarding the extension of the execution of the
Financial Assistance Agreement for the Loomis Chaffee School,
Windsor:

RESOLVED:

(1)

(2)

(3)

that the 144.0 kWy,. solar photovoltaic system to be located at the Loomis
Chaffee School, 4 Bathelder Road, Windsor (“Project”), has been determined by
the Connecticut Clean Energy Fund, Board of Directors (“CCEF Board”) to be in
the furtherance of the CCEF Comprehensive Plan and in the interests of
ratepayers, and that funding be approved for the Project in an amount not to
exceed $527412 (“Grant”), which includes $16,812 as the present value
incentive of the estimated Renewable Energy Credits or Certificates (“RECs”) to
be produced by the Project over its contractual life, but that legal titie to the RECs
produced by the Project shall remain with CCEF for the contractual life of the
Project, and that said Grant is contingent upon sufficient funds being available to
CCEF for the purpose of funding renewable energy projects under CCEF's On-
Site Renewable Distributed Generation Program or other CCEF instalied

capacity programs;

that if sufficient funds are available to fund the Project, then Peter Longo,
President and Executive Director of Connecficut Innovations, Inc. (Cl), Lise
Dondy, Vice President of Cl and President of the CCEF, or any other duly
authorized officer of Cl, is authorized to execute and deliver for, and on behalf of
the CCEF, not later than August 31, 2010, any contract or other legal instrument
necessary to effect the Grant on terms and conditions as he or she shall deem to
be in the interests of the CCEF and ratepayers, in conformance with the wishes
of the CCEF Board, and in conformance with Section VI of the operating
procedures of the CCEF Board. The authorized officer's approval thereof is
hereby authorized to be conclusively evidenced by the execution and delivery of
said legal instrument; and

that the proper Cl officers are authorized and empowered to do all other acts and
execute and deliver all other documents as they shall deem necessary and
desirable to effect the above-mentioned legal instrument.
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“Weston Middle School, Weston—Fuel Cell Project”

Mr. Ross reviewed the proposal by UTC Power under the On-Site Renewable DG
Program for a 400 kW fuel cell system to be located at the Weston Middle School
located in Weston, Connecticut. The Town of Weston will enter into a 10-year Energy
Service Agreement with UTC Power which may be extended upon mutually satisfactory
terms and conditions. Weston has worked out an agreement with CL&P to allow the
Town of Weston to net meter any excess power generation from the fuel cell to the
adjacent High School's account, at the prevailing retail electric rate. However, Weston
under this agreement will not be able to receive any credit for demand charges, just
credit on the energy. The fuel cell will provide thermal energy in the form of hot water to
the Middle School only. The project, if approved, will receive funding under the Federal
American Recovery and Reinvestment Act. Mr. Ross described the project, the project
participants, the estimated annual system energy output, project financials, and the
recommended CCEF incentive.

Upon a motion made by Mr. Ranelli, seconded by Mr. Hennessy, the
Committee members voted unanimously in favor of adopting the
following resolution regarding the fuel cell project for the Weston
Middle School, Weston:

RESOLVED:

(1)  that the 400 kW Fuel Cell system to be located at the Weston Middle Schoaol,
135 School Road, Weston (‘Project’), has been determined by the Connecticut
Clean Energy Fund, Board of Directors (“CCEF Board”) to be in the furtherance
of the CCEF Comprehensive Plan and in the inferests of ratepayers, and that
funding be approved for the Project in an amount not to exceed $1,000,000
("Grant”), and that said Grant is contingent upon sufficient funds being available
to CCEF for the purpose of funding renewable energy projects under CCEF's
On-Site Renewable Distributed Generation Program or other CCEF installed
capacity programs;

(2) that if sufficient funds are available to fund the Project, then Peter Longo,
President and Executive Director of Connecticut Innovations, Inc. (Cl), Lise
Dondy, Vice President of Ci and President of the CCEF, or any other duly
authorized officer of Cl, is authorized to execute and deliver for, and on behalf of
the CCEF, not later than December 31, 2010, any contract or other legal
instrument necessary to effect the Grant on terms and conditions as he or she
shall deem tfo be in the interests of the CCEF and ratepayers, in conformance
with the wishes of the CCEF Board, and in conformance with Section VI of the
operating procedures of the CCEF Board. The authorized officer's approval
thereof is hereby authorized to be conclusively evidenced by the execution and
delivery of said legal instrument; and
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(3)  that the proper Cl officers are authorized and empowered to do ali other acts and
execute and deliver ali other documents as they shall deem necessary and
desirable to effect the above-mentioned legal instrument.

“Alexion Pharmaceutical, Cheshire—Fuel Cell Project”

Mr. Ross discussed the proposal by UTC Power under the On-Site Renewable DG
Program for a 400 kW fuel cell system to be located at the Alexion Pharmaceutical plant
in Cheshire, Connecticut. Alexion Pharmaceutical will enter into a 10-year Energy
Service Agreement with UTC Power which may be extended upon mutually satisfactory
terms and conditions. Alexion has complete buy-in from the building owner for this
project and has signed a long term lease agreement. Mr. Ross described the project,
the project participants, the estimated annual system energy output, project financials ,
and the recommended CCEF incentive.

Upon a motion made by Mr. Ranelli, seconded by Mr. Hennessy, the
Committee members voted unanimously in favor of adopting the
following resolution regarding the fuel cell project for Alexion
Pharmaceutical, Inc.

RESOLVED:

(1)  that the 400 kW Fuel Cell system to be located at the Alexion Pharmaceutical
facility located at 352 Knotter Drive, Cheshire (“Project”), has been determined
by the Connecticut Clean Energy Fund, Board of Directors (“CCEF Board”) to be
in the furtherance of the CCEF Comprehensive Plan and in the interests of
ratepayers, and that funding be approved for the Project in an amount not to
exceed $502,000 (“Grant”), and that said Grant is contingent upon sufficient
funds being available to CCEF for the purpose of funding renewable energy
projects under CCEF’'s On-Site Renewable Distributed Generation Program or
other CCEF installed capacity programs;

(2) that if sufficient funds are available to fund the Project, then Peter Longo,
President and Executive Director of Connecticut Innovations, Inc. (Cl), Lise
Dondy, Vice President of Cl and President of the CCEF, or any other duly
authorized officer of Cl, is authorized to execute and deliver for, and on behalf of
the CCEF, not later than December 31, 2010, any contract or other legai
instrument necessary to effect the Grant on terms and conditions as he or she
shall deem to be in the interests of the CCEF and ratepayers, in conformance
with the wishes of the CCEF Board, and in conformance with Section VI of the
operating procedures of the CCEF Board. The authorized officer's approval
thereof is hereby authorized to be conclusively evidenced by the execution and
delivery of said legal instrument; and
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©)

that the proper C! officers are authorized and empowered to do all other acts and
execute and deliver all other documents as they shall deem necessary and
desirable to effect the above-mentioned legal instrument.

“Wind Prospect It and Wind Colebrook ll—Extension of Deadline”

Mr. Hedman discussed the recommendation to extend the execution date for the Pre-
Development Loan Agreement for Wind Prospect Il and Wind Colebrook Il. The original
expiration date was May 31, 2010, and staff recommends an extension to July 31, 2010.

Upon a motion made by Mr. Hennessy, seconded by Mr. Greene, the
Committee members voted unanimously in favor of adopting the
following resolution regarding the extension of the execution of the
Pre-Development Loan Agreement for Wind Prospect Il and Wind
Colebrook II:

RESOLVED:

(1)

(2)

that the Wind Prospect and Wind Colebrook projects (“Projects”), 10 MW each
wind system seeking funding under the Pre-Development Program for Phase 2 of
the Projects, to be located in Prospect and Colebrook, Connecticut have been
determined by the Connecticut Clean Energy Fund, Board of Directors (“CCEF
Board") to be in the furtherance of the CCEF Comprehensive Plan and in the
interests of ratepayers, and that funding be approved for the Project in an
amount not fo exceed $397,625 for Wind Prospect and $380,375 for Wind
Colebrook (“Grants”), and that said Grants are contingent upon sufficient funds
being available to CCEF for the purpose of funding renewable energy projects
under CCEF's On-Site Renewable Distributed Generation Program or other
CCEF installed capacity programs;

that if sufficient funds are available to fund the Project, then Peter Longo,
President and Executive Director of Connecticut Innovations, Inc. (Cl), Lise
Dondy, Vice President of Cl and President of the CCEF, or any other duly
authorized officer of Cl, is authorized to execute and deliver for, and on behaif of
the CCEF, not later than July 31, 2010, any contract or other legal instrument
necessary to effect the Grants on terms and conditions as he or she shall deem
to be in the interests of the CCEF and ratepayers, in conformance with the
wishes of the CCEF Board, and in conformance with Section V1 of the operating
procedures of the CCEF Board. The authorized officer's approval thereof is
hereby authorized to be conclusively evidenced by the execution and delivery of
said legal instrument; and
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(3) thatthe proper Cl officers are authorized and empowered to do all other acts and
execute and deliver all other documents as they shall deem necessary and
desirable to effect the above-mentioned legal instrument.
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"RGGI PV Municipal Pipeline Update”

Ms. Cifaldi provided a brief update on the municipal projects in the pipeline anticipated
to be funded from the Regional Greenhouse Gas Initiative (‘RGGI"). There are
currently 30 projects requesting approximately $8,932,927 in grant funding. The
Projects Committee has approved 15 municipal projects for a total of $2,502,397, and it
is anticipated that approximately 9 more municipal projects can be approved with the
anticipated RGG] funds. ‘

5. Other Business: Ms. Dondy provided an update on projects receiving funds
under the American Reinvestment Recovery Act.

6. Adjournment:
Upon a motion made by Mr. Ranelli, seconded by Mr. Hennessy, the
Committee members voted unanimously in favor of adjourning the
May 27, 2010 meeting at 10:50 a.m,

Respectfully submitted,

Alan Greene, Chairman of the
Committee
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Extreme Wind Speed - Risk and Mitigation

introduction

Certain wind preject sites may experience extreme wind speeds
coused by a severe weather situation, such as a hurricane or
tornado. Since extreme wind events may resubt in mechanical laad
levels that can lead to damage cr failure of wind turbine components,
the purpose of this document is to informn customers cbout risk from
extreme wind events and suggest risk mitigation ections that are
based on recognized industry practices.

GE's wind turbines are deslgned to withstond o certain level of
loading caused by an extreme wind event. As defined in the IEC
61400-1 wind turbine design/safety standord, the largest wind
speed to be censidered is called "Ve50," which is the maximum
gust over a 50-yeor return period for a 3-second averaging time.
In a VeSO situation, the control system of the wind turbine is
assumed to be able to pitch the blades in a feathered position,
resulting in minimal rotor torque. Table 1 lists the Ve50 limits for
different GE wind turbines for the site conditions specified in the
IEC 61400-1standard.

Turbine Model Ve50 {m/sj ot Hub Height
1sxleorZ3 [ S25 %o, .
1.5sle .55

1.5s, 2:55, or 2.5x] |.59.5

15se 70

Table 1. 50-y=ar, 3-sec wind speed gust (Ve50} limits for GE wind turbines at
hub height.
{For site ¢onditions spetified in the IEC £1400-1 stendord.)

Actual Ves0 limits can vary based on site-specific conditions, and
the Ves50 limits in Table 1 assume the following site conditions

« Maximum flow inclination angle: 8 degrees
« Air density: 1.225 kg/m’ {seq level}
« Vertical wind shear exponent: 0.11

The VeS0 limits in Tabfe T apply as long as the site-specific conditions

e

are within thase specified by the IEC standard 19 If any ar several of the
site conditions in terms of flow inclination angle, oir density, and vertical
wind shear exceed those specified in the IEC 61400-1 standard, the
actual Ves0 limit of the wind turbine of interest may be lawer than that
listed in Table 1 and GE should review these conditions. Alsa, if one or
several blades should foif to pitch to a feathered pasition, the maximum
wind speed the wind turbine can sustain may be lower than the values
listed in Table I, for given site conditions.

Risk

Wind turbine component darnage or failure can cccur when
extreme wind produces farces on the wind turbine plont
buildings/machines above the Ves0 design limit. Fallures may not
only prohibit the operation of the wind turbine, but could also lead to
third party risk. Natural discsters such as hurricanes and tarnodoes
are well documented and the areas they affect are well defined, but
their occurrence and behavior are not well anticipated 12
Furtherrore, other natural storming wind producers such as—but
not limited to—squall lines, microburst, or extra-tropical cyclones con
ogeur at anytime, regordless of tha location on the globe, With
today's metearological knowledge, predicting the maximum wind
speed from a storm is unrealistic in most coses.@

The made of failure of @ wind turbine due to an extreme wind event
cannot be generalized and depends on the turbine type and
configuration, as well as the specifics of the extreme wind event and
site conditions. Examples of possible failure scenarios include Blade
failure or o tower buckling or overturning. When winds are abaove the
cut-cut speed, the wind turbine should have its blades idling in a
position creating minimal torque on the rotor, This is the only sofety
mechanism other than the yow control. If a grid failure were ta occur
in conjunction with an extrerne wind evert—which is a likely
scenario—the yaw control will become inactive. The loss af yaw
control could increase the fikelihood of damage/failure in the case of
an extreme wind event. Aiso, the grid components/structures could
also be part of the potential windberne debris. At this time, GE has
no modeling capability in place that can predict the impoct maede to
a wind plant if an extreme wind avent occurs,



Risk Mitigation

The decision to buifd a wind site and to protect the public from
negative impacts of an extreme wind event is the responsibitity of
the project developer/owner. For some types of wind events—such
as tropical cyclones—there is meteorological expertise/data to
quantify the probability of occurrence of a wind gust above the
design limit of the wind turbine that is baing considered for a
particular area k¥ Based upen recognized industry practices, GE
suggests that the following octians be considered when siting
turbines in order ta mitigate risk resuiting from extreme wind
speed events: -

« Turbine Siting. For sites located in well-known storm oreas, where
winds could lead to extreme damaging gusts, a goad approach is
to assess the remoteness of the potentiol wind plarit, As mentioned
before, some natural disasters could lead to extreme wind speeds
above the design limit of GE's wind turbines. Remote areas usually
tend to reduce the potential for collateral domage in the event of
storming winds, however the risk ta wind turbine equipment is
independent of the remoteness of the site.

Physical and Visual Warnings. Should a customer decide to
build on a site with extreme wind risk, GE recommends thot the
site be made private by using a fence and visuol warning signs

at the boundary of every site—regordless of its locaticn,

Turbine Beactivation, Ensure that equipment is in good working
order and that turbine control systems designed to protect
equipment in the event of an extreme wind speed occurrence

are operational.

Operator Safety. Restrict occess to the wind piont by site
persannel while extreme wind speed conditions exist, if site
persannel must access the site while extrerne wind speed
conditions either exist or are probabie, sofety precautions may
include remotely shutting down the turbine, yowing to place the
turbine rotar on the oppasite side of the tower access doar, and
parking vehicles at a safe distance from the tower, Opercting o
wind turbine that has experiericed on extreme wind event may
not be sufe and the wind turbine should be thoroughly inspected
before normal eperation is resumed.

GE Energy | GER-4277 [10/67)
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i1l International Standard - IEC 61400-1, Wind Turbines - Part 1:
Design Requirements. Third Edition 2005-8 - 1EC ref # |EC 61400-
1:2005 (E).

12 Hurricanes...Unleashing Nature's Fury: A Praparedness Guide,
Natianal Qceanic and Atmaspheric Administration - NOAA.

133 Hiraneri Kikugawa and Bogusz Bienkiewicz, Wind Damoges and
Prospects for Accelerated Wind Damuage Reduction in Japon and
in the United States.

! Christopher W, Londsea*, Croig Anderson**, Noel Charles***,
Gilbert Clark***, Jasan Dunion*, Jose Ferncndez-Portagas*****,
Paul Hungerford**, Chorlie Neurnann****, Mork Zimmert**:

The Atlantic Hurricane Database Re-analysis Project Documentation
for 1851-1910. Alterations and Addition to the HURDAT Database.
*NOAA/Hurticane Research Oivisian, Miami, Florida, USA

**NOAA/Climate Diagnastics Center, Boulder, Coleroda, USA

**Florida International University, Miamj

*nSAIC, Miomi
*waDerecsed, Contributed os @ Chopter for the RPI Book, Revised - 6 Januory 2003.
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Appendix

Potential Wind Domages Accarding to Wind Speed Distribution

Scale wind speed (mph - m/s}

&0-72 - 17.9-36.7
73-112 -32.1-495
113-157 - 50,0-69.6
158-206 - 70.6-92.09

207-260 - 92.53-116.23

261-318 - 116.68-142.16

|.Some domqge to chlmneys and TV c&ntennae breaks twt
’ -shailaw reoted trees 7 -

- considerable dlstdnées large mlssﬂes generuted

Damage description

Peels surfuces off roofs windows broken Ilght trculer houses pushed over or
overturned; some trees uproated or snapped; moving autornebiles pushed off road.

Roofs torn off frame. holses leuvlng strong Upright wails Weuk‘bulldings m Tural
jolished;trailerhouses destroyed:; large trees srapped.or dpeadtec: ralquad

_boxcd'rs pUshed ove Ifght object missiles. generated cars Blown off hlghway

Roofs and some walls tarn off frame houses; some rural buildings completely
demolished; trains overturned; steel-framed hangar-warehouse type structures torn;
cars lifted off the ground; most trees in o forest uproated, snapped, or leveled.

st‘;g Structures badly daraged:
FOWN some disgor)ce.pr rafled

Whole frame houses tossed off foundatians: steel-remforced concrete structures
badly damaged.

Table A-1. Polenticl wind domoges occording ta wind speed distribution.
{5ee Ref. 15 for technicol source material)
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